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NOMENCLATURE 

A 
2 2 

/a, ft /see ; also area, ft 
D ~ ~ $ o  

A 

c 
A 

B 

C 

C 

C* 

D 

%B 

DH 

Dt 
F 

f 

C 
F 

G 

gC 

h 

I 

J 

2 K T  (/A 

Flow area, ft , cross sectional area 2 

2i2/12 11 

Seam length, ft; mean molecular velocity, ft/sec; speed of light, cm/sec 

Relative mass concentration [ C*= F A /p A 1 ,  dimensionless 
0 

Discharge coefficient 

Mass conductivity, ft-lb /sec-lb 

Mass concentration of component A, [ C- = m,i (mA mg) I ,  dimensionless 

Constant-pressure specific heat, Btu/lb R m 
Constant-volume specific heat, Btu/lb R 

Volumetric concentrat ion, dimensionless 

f m 

m 

Molecular diameter, ft; diameter, R 

Diffusion cmfficier,i, R /sec 

Binary diffusion coefficiect. R /sec 

Hydraulic diameter, f t  

Tuft diameter, f t  

Compressive force, lb in. , radiation interchange factor 

Dimensionless fmction of butted joint to depth ratio; friction coefficient 

Compressive force over the 1-g load caused by the earth's grav. field 

Grashof number; gravitational load 

2 

2 

2 4 

2 Gravitational constant, 32.2 R-lb /Ib sec 
m f  n 

Convectiive heat transfer coefficient, Btu/hr-RZ-R 

Hezt c.f vaporization, Btu/lb 

Radiarion intensity, Btu/hr R Steradian 2 

773 R-lbdBtu 
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NOhIENC LATLBE (continued) 

K 

k 

k 

L 

nif 

N 
- 

N 

N 

NKIl 
Nu 

n 

a P 

Pr 

S 
P 

p, 

6, 4 
Q 

q 

R 

R 

r 
C 

e R 

S/G 

Thermal condxti vity , Btu/hr -ft-R 
-24 Boltzmann cofistant = 5. G5 x 10 

Extinction coefficient = a A / 4 ~  ; o r  spec. heat ratio 

Half the width of a batten, f t ;  o r  length 

Seam length, ft. 

AIolecular ceight, lb /lb -mole; o r  Mach niimber 

M ~ S S  flow rate, l b h r  

Mole fraction 

ft-lb(R 

m m  

Number of increments, number of reflective layers 

Layer density, layer per inch of insulation thickness 

Avogadro's number, 2 .74  x molecules/lb - mole. 

Knudsen number 
m 

Nus selt number 

Number of tufts//in. 2 

Index of refraction 

The number of layers above the layer of interest 

Pressure, lb ft , microns, Hg; resistivity ohm-cm; load, lb 

Environmental przssure seen by the insulation, lb ft o r  at orifice 

Prandtl number = p C  /K 

Pressure inside purge bag at inlet orifice 

f f 2  
i2 

P 

Environmental pressure seen by the insulation, lb 
3 Flow rate, ft /sec 

Heat flow to tank, Btu/hr 

Heat flux, Btu/hr ft 

Thermal resistance, Btu/hr-R 

Universal gas constant = 1545 ft-lb lb -mole R 

Recovery factor 

Reynolds number = P V D  /P 

Seam piw'grommet combination 

2 

i'm 

H 
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NOMENCLATURE (continued) 

S Stress, psi 

T Temperature, R 

t Time, sec o r  hr 

v 
i r  Mass flow rate, Ib/hr 

S,X Distance along batten, ft 

Y 

3 Velocity, ft/sec; o r  volume, ft 

Distance in the transverse direction of the insulation 

'A - ' 3  m 
3 , lb /ft ; also radiation absorption 0 

6 0 

B 1 + .0277 Pr Re 

Y 

6 

Seam width, ft; also specific heat ratio 

Distance between layers, ft, thickness of insulation blanket 

E E mis si Wy 

5' Outgassing rate, molecules/ft -sec 

tl Associated with number of degrees of freedom for a molecule = C MJ/R 

A Maan free path,m, ft, wave length 

Viscosity, lb /ft-sec; microns cc 
Viscosity at 492 R, lb /ft-sec I.1, m 

V Molecular density, molecules/f€ 

2 

V 

m 

3 

-2 -1 5 Outgassing rate, micron cc sec 

P 
3 Mass density, lbm/ft 

Layer den8ity of a M U ,  lbm/in. /layer 2 
pL 
0 Electrical conductivity ESU 

T 

UI Radial frequency of radiation 

subscripts 

A Species A,  the solute 

Species A, pure state A 

B Species B, the solvent 

Relaxation time of the el6,drons in the metal, sec  

0 

Species B, pure state 
0 

B 
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NOMENCLATURE (continued) 

Subscripts - continued 

g Interstitial gas 

i Interstitial 

IS Insulation system 

0 ,  0 Outgassing constitit rlt 

P I  p Purge gas 

r Radiation 

S Solid conduction 

T Tank, total 

W Water vapor 



SU XlRl  A RY 

This report covers the work performed under NASA/MSFC Contract NAS8-26129 by 
Convair Aerospace Diclsion of General Dynamics, San Diego, California during the 
period 17 June 1970 to 31 May 1972. Each major section is summarized below. 

SECTION 2. INSULATION ENVIRONMENT 

Review of 9 typical reusable space vehicle configuration, in conjunction with the 
objectives of this contract, established a set of thermal and structural parameters 
which were used in the development of the insulation system €or  the cryogenic tankage. 

SECTION 3. DEVELOPRENT OF INSULATION MATERIALS 

The materials studied were materials for radiation shields, spacers, blanket face 
sheets, fasteners, purge bags and adhesives. Kapton material, goldized on both 
sides with Dacron fiber tufts as the spacers, was selected as the radiation shield. 
The fibers are attached to the radiation barrier with silane modified Crest 7343 
polyurethane adhesive. A face sheet material, that retains its shape a t  300F was  
developed by coating Beta Glass scrim material w i t h  DuPont RC 4019 Pyre ML wire 
enamel, a polyimide resin. PPO material was  selected for fabricating lightweight 
attachments including twin pin fasteners, grommets and reinforcement tabs. 
Promising purge bag niaterials were found to be FEP (Fluorinated Ethylene 
Propylene) film material bonded to a reinforcing material such as Epoxy pre- 
impregnated glass fabric. It has the advantage of low permeability and outgassing, 
high tensile strength and tear resistance and can be easily operated at temperatures 
over 500F. 

SECTION 4. SUPERFLOC DEVELOPMENT 

During this study phase, flocked radiation shields (Superfloc) suitahle for  reusable high 
temperature application were developed utilizing the selected materials of Section 3. 
Acceptance tests were performed including manufacturing tests, cryogenic dip tests, 
thermal expansion and cycling tests, compression and recovery experiments and 
thermal performance tests. The structural and thermal acceptaxe tests indicated 
that while at 300F the silane modified Crest 7343 maintains adequate strength for 
adhering the tufts to the goldized Kapton radiation shield. Tests indicated that after 
compressive loads up to psi Superfloc returns to within 97% of ita natural density. 
A f t e r  subjecting it to cyclic load, the recovery was  92% after 100 cycles. The thermal 
conductivity of goldized Superfloc with 3/8 and 1/2 inch spaced floc tufts was measured 
by Arthur D. Little to be 1.37 x 10-5 and 1.5 x 10-5 B t u h r  f t  T, respectively, at the 
natural density of 30 layers per inch. 
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A Superfloc production machine was  proposed by SchjeldaN Company of Northfield, 
Minn. The budgetary estimate for this equipment is $127,000. The projected cost 
for production quantities is $0.084 per sq ft. 

SECTION 5. SUPERFLOC INSULATION COMPONENT DEk'ELOPMENT 

The Superfloc insulation component development included blanket attachment design 
trade offs, twin pin fastener arrangement studies, blanket core sheet tear out evaluation, 
and alternate blanket attachments studies. Structural tests were conducted to verify the 
component deslgns of the proposed Superfloc blanket insulation system. These tests 
were conducted at the component and assembly level including grommet/core sheet/ 
adhesive tests, blanket flex and stress tests, reinforcement tab/face sheet tests,  
fastenerhink tensile tests, blanket-joint tensile tests and blanket vibration tests. 

SJLCTION 6. THERMAL ANALYZER PROGRAM MODIFICAnON 

The modification of the Thermal Analyzer Program was accomplished. This program 
is documented in Convair's Computer Library as Computer Program P5431. The 
program permits an analytical evaluation of the heat flow through a multilayer insulation 
system from ground hold through boost to a space environment condition. Program 
P5431 contains all the features of the original Convair Thermal Analyzer (P4560) plus 
the ability to predict the interstitial gas pressure and the thermal resistance of this 
interstitial gas. Test caees have been made to demonstrate that this program is in 
running condition and ready for  use. 

SECTION 7. PURGE AND REPRESSURIZATION SYSTEM EVALUATION 

Purge and repressurization systems were evaluated as follows: (1) Analyses were 
performed to predict the concentration of a purge gas in an insulation system, (2) Helium 
tests were conducted to verify the analyses aid (3) Purge ccmponents were studied for 
hardware develcpment. 

The purging analysis included the development of gas concentration equations as a 
function of time and location and the determination of the diffusion coefficient. Venting 
characteristiics of Superfloc insulation applied to the 105 inch IvISFC calorimeter have 
been investigated by numerical techniques to develop parameteric data. The results 
show that for 30 l a y e r s h h  spacing, a vent valve with an equivalent orifice diameter 
of 2 inches will evacuate the insulation to 1 X lo'* torr in 290 seconds. A series of 
helium concentration tests were conducted to verify the purging analysis. Excellent 
agreement was shown with the 100 volumes per hour p r g e  rates. The predicted 
valces, however, did not agree with the 10 volumes per hour test data. The discrepancy 
is due to difficulties in obtaining accurate tests a t  such low flow rates which introduce 
eddy diffusion and flow circulation. The purge test indicated that for  a 22 layer blanket, 
16 iwhes  wide, a t  a distance of 4 ft  from the inlet and a flowrate of 10 volumes per 
hour, 30 minutes are required to reduce the air concentration to five percent. It 



took approximately three minutes to achieve a 5% air concentration at the same location 
for a flow rate of 100 volumes r,er hour. The results obtained from a vertically mounted 
test panel indicated that purging takes less time when the helium gas is directed in an 
upward direction. 

Typical purge hardware including the purge bag, the necessary valves, ducting, 
orifices, pressure transducers and helium distribution manifolds were preliminarily 
analyzed for ground hold, boost and re-entry conditions. 

SECTION 8. 105-INCH BISFC CAM1 I-.IETER INSULATION AND PC'HGE/REPRESSURI- 
ZATION SYSTEM EVAX' TON AND SELECTION 

Nine basic insulation purge and repressurization systems were identified, design 
layouts were made and evaluated. Three additional alternate design layouts were 
created using some of the arrangements from the original layouts coupled with external 
purge bags. The above activities were summarized on evaluation charts. Ths effort 
was concluded by rating each system and recommending one for the final design. The 
rslting indicated that the system utilizing an internal fairing, purge bag a d  complete 
purge gas distribution system was  the best concept due primarily to its purge 
efficiency and structural integrity. 

SECTION 9. MLI AND PURGE/PRGSSURIZATION SYSI'EPII PRELIMINARY DESIGN 

The f i d  preliminary design 'Internal Fairing andpurge Bag With Complete Gas 
Distribution'' includes a general arr'mgement, details of pertinent a reas ,  assembly 
procedui ea, external interfaces, weights, materials, operating conditions, surface 
areas and purge gas cavity volume. The design consists of a heat exchanger coil 
wound to the neck of the tank, a rigid penetration panel, incorporating instrumentation 
and gas feed fittings, a fairing which envelopes the tank, a Superfloc MLI layup applied 
in  18 gore sections (2 blankets) ovw the fairing and an external bag enclocure for 
containing the purge gas. The configuration ia arranged s x h  that instrumentation can 
be installed at the inboard o r  outboard sides of the fairing without penetrating the MLI 
or the fairing wall. The fairing is equipped with purge pins for distributing gas 
between the MLI layers. The annulus cavity between fairing and tanK acts aa a plenum 
chamber for the purge gas. The total system weight is 19'7.5 Ibs or .66 lbn/ft? of tank 
surface. The final design including important details i s  presented in Figure S-1. 
Insulation system design data are shown in Table S-1. A n  instrumentation laymt was 
developed which locates temperature pick-up points for the MLI s y t e m ,  the fairing 
bag enclosure, tank wall ,  internal stand pipe and gas cavities in the ullage region. 

SECTION 10. THERMAL EVALUATION OF THE FINAL DESIGN 

The thermal performance of the 105 inch tank insulation eystem was evaluated ts ing the 
same approach used successfully on COnvair's 87 inch tank. 
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ELE CTHIGl L PENE TRATION 
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/ .  
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( STI F F E N E  U) 
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LAlXR ( 2 )  
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FAIRING 4 

TANK WALL 

WITH PURGE PIN 

STTFFENER RING 

Figure S-1. 105 Inch MSFC Calorimeter Supefloc Ineulation System 
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The results of the pred‘cted thermal performance data are presented in Table S-1. 

Table S-1. Superfloc hlL1 System Design and Performance 
Data, 105 Inch MSFC Calorimeter 

Tank Surface: 

Tank Capacity (LH2): 

Type of XILI: 

Face  Sheet: 

Purge Bag: 

Fairing: 

Blankets: 

Gore  Section: 

No. Support Pius: 

No. Twin Pin Fas teners :  

No. Purge 1’ ins : 

Length of Seams: 

MLI System Layup Thickness: 

hIL1 Weight: 

MLI Volume: 

MLI Average Area: 

System Drmsity ( P  ): 

Purge  Gas Vent Valve: 

530-37”F : 
Seams 
P i n s  
MLI, Liquid Region 
MLI, Dome Region 

Entire System 

Heat Flux: 

Effective Conductivity , Keff:  

System p K  Product:  

DESIGN DATA 

300 ft2 

450 ft3 

30 gauge LXIK Supef loc  density 30 layer/inch. Calorimeter 
K = 1.37 A Btu/hr f t  ‘F; (1.00216 lb/ft2; p = .778  lb/ft3; 
i.k = 1.066 x 1c-5 Btu-lb/hr ft4.R 

Beta g l a s s  scrim coated with P y r e  RI. L. enamel, goldized both 
sides,  2.602 oz/sq yd ( .0182 lbs/ft2), .007 in. av. thickness 

2 ply6 of EpcXyDPIW-49 

E ~ ) o ~ ~ / P R L ) - - H  

2 blanket layers ,  28 c o r e  sheets and 2 face sheets/blanket 

40’ gore,  9 required per blanket layer 

27 total 

345 per blanket !ayer PPO material 

28 total (PPO material)  

146 ft/blanket layer  

3.75  inch 

197.5  Ibs; o r  . GG lb/f? 

97 ft3 

318.4 ft2 

2.04  Ib/ft3 

2 in. dia. ; Venting tG 10-4 to r r :  290 seconds 

XHERMAL PERF OR MAN CE 

Heat L e a b e  !Btu/hr) Percent  of Total 
2.77  11.7 
9.81 4 1 . 5  
2.04 3 8 . 2  

8 . 6  2.04 
23.66 100 .0  

- -- 

0.0742 Btu/hr ft2 

5 . 0  x Btu/hr f t  % 

10.2  x Btu l b h r  ft4 % 



SECTION 1 

INTRODUCTION 

I ..e use of cryogens a s  fuel for space vehicles requires the incorporation of a t.ermal 
p-otection system to minimize propellant heating and thus, increase propellant storage 
capability. High effectiveness of these protection systems is achieved by a series of 
radiation shields of low emissivity. The shields are separated by low heat conducting 
spacers. Integration of such a multilayer insulation (MLI) system wi th  the vehicle 
tankage offers an opportunity to optimize the total structural and thermal systems of 
the vehicle from the standpoints of performance as well as manufacturability and 
maintenance. The development of the MLI and i t s  design is strongly dependenL upon 
the environments in which the system must function. 

F o r  the past eight years, Convair Aemspace h a s  been engaged in developing multilayer 
insulations for long term cryogenic storage. The development effort resulted in an 
insulation concept using lightweight radiation shields, separated by low conductive 
Dacron fiber tufts. The insulation is usually referred to as Superfloc. The fiber tufts 
a r e  arranged in a triangular pattern and "stand" about .040 in. above the radiation 
shield base. Thermal and structural evaluation of Superfloc indicated that this material 
is a strong candidate €or the development of high performance thermal protection 
systems because of its low "pk factor, its high strength, purge gas evacuation 
capability during boost, i ts  density control and easy application to a tank. 

The work culminated in the development of a flightworthy MLI system which consisted 
of an 87 in. dia, oblate spheroid, aluminum tailk insulated with 2 blankets (44 layers) 
of Superfloc. The system w i s  designed to withstand the Saturn V launch environment. 
During an experimental program i t  was verified that this flight weight system meets 
all ground hold, boost and space storage structural and thermal requirements. The pk 
product (density times thermal conductivity) of this system a; the temperature range 
between 540 to 40R is 8.2 Btu-lb/hr ft4 R. This is the lowest pk factor reported to d&Le 
for an installed large tank insulation system (see Cryogenic Technology Journal Jan/Feb 
1971, "Flightworthy , High Performance Insulation Development. '3 

The objectives of the program described in this report were to develop an insulation 
system based on the Superfloc concept, capable of adequate performance for 100 mission 
cycles, lasting several years and capable of withstanding temperature extremes of -423 
and 300F. The application model for this t y p  of insulation system is a liquid hydrogen 
tank for an orbit maneuvering system, typical of reusable space vehicles. The new 
Superfloc insulation system was to be designed for the 105 inch MSFC Calorimeter as 
defined by Orawing SK30-4243. In or&r to meet the objectives the program waa 
conducted in nine aubtasks: 
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l. Definition of the Insulation Environment 

2 .  Development of Insulation Materials 

3.  Superfloc Development 

4. Superfloc Insulation Component Development 

5. Thermal Analyzer Program Modification 

6. Purge and Repressurization System Evaluation 

7 .  105-Inch hlSFC Calorimeter Insuiation and Purge/Repressurization System 
Evaluation 

8 .  MLI and Purge/Eiepressurization System Preliminary Design for the 
105-Inch blSFC Calorimeter 

9. Them al Evaluation of the 105-Inch Calorimeter Insulation System Final 
Design 

Tasks 1 and 2 present the study of the environment and the evaluation of insuiation 
materials suitable €or this environment. During Task 3 ,  high temperature, reusable 
Superfloc radiation shields are developed and manufacturing methods are improved. 
Task 4 presents a study of the techniques necessary to imprJve the structural and 
thermal performance of the insulation blanket concept developed under NASA Contract 
NAS8-18021, "Cryogenic Insulr.tion Development. If The purpose of Task 5 was to 
modify an existing Convair Aorospace thermal analyzer program which was  utilized 
for  the analysis of the 105-Inch MSFC Cryogenic Calorimeter Thermal Protection 
System. During Task 6 equations were established which can be used for calculating 
the concentration of inert gases in a purge system. The equations were experimentally 
verified. Design concepts for the 105-Inch tank purge and repressurization system 
were  studied and evaluated .n Task 7. The objectives of Tasks 8 and 9 were to design 
and thermally analyze a purge and repressurization system €or the 105-Inch MSFC 
calorimeter. 
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SECTION 2 

INSULATION EN FIRONME N T  

The following sections list the requirements which were  used a s  a guide line during the 
development of a reusable insulation system. The information is based on Ref. 2-1. 

2 . 1  APPLICATION MODEL 

The application model for the MLI system design is the tauk for an orbit maneuvering 
LH2 propulsion system. 

Orbit RZaneuvering 105-Inch T2st 
LH2 Tank Calorimeter 

Tank Volume (Approximate) 1115 ft3 450 ft3 

Temperature Range 300 to -420F 300 to -420F 
Mission Cycle 100 100 
Mission Duration 30 days 30 days 

Tank Area (Approximate) 520 ft2 300 ft2 

2.2 VEHICLE "G" LOADING 

Typical reusable vehicle "G" loadings during boost, staging, reentry, flyback and 
landing are presented in Table 2-1 and Figure 2-1. 

Table 2-1. Typical "G" - 
Loading of a Reusable 
Vehicle 

Loed Amdiration "G" Imllirrg: 

LongiPldinnl J.0 t6.5 
Vertical 
Lamral 1.0 i o . 5  

Boater  Ennne Longitudinal 3 .0  h 2 . U  
1.0 t l . O  
1 .0  t l . O  

LcngitudroaI 0 IO t 0 . 5  
- 0 . 5  
2 . 0  t : . o  
0 . 5  r r . 0  

Shutdown and Vertical 
StaglW Lakral 

Reentry 

\ ertical 
Lateral 

- ------I 
Booeler 

I 

LOnyl tu l i lna l  1 0 . 5  i o . : ,  
Vertical 2 . 0  to t l . 0  

- 1 . 0  ~ 

Flyteck 

Lmdlng LOnglludInal t o . 5  t u . 5  
i'enical 2 .68  t 2 . 0  
Lakral  0 . 5  i U  5 

.~ 

TIME FROM LIFTOl:F, 8ec 

Figure 2-1. Typical Axial G-Loading for a 
Reusable Vehicle 
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The loads used for the insulation design were as follows: 

Axial Acceleration: 3.5 g 
Lateral Acc elerati on: 
Safety Factor: 1.4 
APmm Across MLI Blanket: 
APma Across Purge Bag: 

2.5 g 

0.01 psi 
1.5 psi 

2.3 ACOUSTIC AND VIBRATION LOADS 

A t  launch the acoustic pressure level internal to the heat shield i s  estimated to be 145 
DB. A typical vibration level for the orbiter vehicle i s  shown in Figure 2-2. 

1 

N 
X 

w is 
R 

-2 R 
4! 10 

i 
Y w u u c 

180 to 700 HZ 
700 to 2000 HZ 

. . . . , . . .. . . 

LOCATIONS AFT OF STA 1600 - 
21.5  G RMS (AFT X/3 OF LH2 TANK) 

--- INTERNAL LOCATIONS FWD OF STA 
1600 - 6.3 G RMS (FWD 213 OF LH2 

10 100 1000 5000 
FREQUENCY, HZ 

Figure 2-2. Typical Vibration of the Orbiter Configuration 
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SI',C'L'ION s 

DEVE LOPRILNT OF INSC'LXTION hIATERWLS 

Continued development of high performance multilayer insulation (RILI) systems requires 
periodic scanning of potential materials. Until recently, most 3ILI systems had been 
designed for "one-shot" missions such as deep space probes. These systems were 
required to survive one i.ehicle launch m d  to provide thermal protection for  cryogens 
for long periods of time. \\'ith the advent of reus:ible space vehicles, the  operating 
conditions of the JILL systems have been drastically altered, requiring considerable 
system redesign. 

Possibly the most critical o l  the new operating environments is that of the high tempera- 
tures experienced during vehicle entry into the atmosphere. Based 011 present heat 
shield designs, it is anticipated dint the hot houndciry layer gases entering the vehicle 
will cause the outer insulation Iayer temperatureL to r ise  to approximately 300F. Most 
of the materials used in current 3ILI system d e s i p s  become marginal a t  this high 
temperature, and any increase in temperature requires their replacement. 

The insulation concept r ide r  consideration is a system using 1ightIveight radiation 
shields separated by lowconductive needles. The radiation shields are contained in a 
bag that can be purged during ground hold and repressurized during vehicle re-entry. 
The insulation is usudiy referred to as Superfloc (Ref. 3-1). Fiber flocking i s  ilsed to 
separate the reflective layers since it  provides low-conductive paths betneen layers. 
A plan view, side view, a stack Ilf Superfloc radiation shields and a blanket sample a re  
shown in Figure 3-1. The Super€loc concept i s  an outatanding candidate for ilisulating 
cryogenic tankage of reusable space vehicles when considering such factors as pk, 
structural strength, purging, venting, repressurization, density control, and insulation 
application (Ref. 3-1). 

The candidate materials considered f o r  radiation shields, spacers, face sheets, 
insulation fasteners, adhesives and purge bag materials are discussed in the paragraphs 
below. 

3.1 RADIAlION SHE LDS 

A literature search was initiated to find film materials suitable for reusable applicaticn. 
High temperature and tensile tests were cocducted to screen the materials under 
consideration. Optical requirenenta were determined by a film coating a d y S i 8 -  

3.1.1 PROPERTIES O F  POLYMElUC FILMS. Several polymeric films were considered 
for u s e  in the new reusable hILI. The radiation shield previcusly used in the Supertloc 
RILI configuration is 0.25 mil Type S hIyIar (DuPcnt) polyester film with vacuum deposited 

3-1 





Table 3-1. Properti-s of Polymeric Films 

MYLAR "A"* KIMFOL. LEXAN ** KAFTON "H". 
W LY ESTE R POLI'CARBONATE POLY CARBONATE POLY IM ID 2 

PROPERTY (DuPont) (Kimberly Clark) (General Electric) (DuP0T.t) 

Max. R e c .  Service 300 275 27 0 750 

Temp. ('F) 
Spectfic Gravity 1.395 1.21 (D792) 1.2 1.42 

Moisture Regain 6) 0.37@73'F,50LJoRH 0.4@24 hr emereion 0.15@73*F.SO%RH 1.3@73'F.50=H 

Tenstle Strength (lwi) 25 MD 31 *** 8 
CD 11 

25 

Burst Strength-hlulh 
@Sf) 66 (1 mil) 28-32 (0.4 mll) 

Initial Tear Strengrh- 
craves (grn/mil) GOO (1 mtl) -- 

75 (1 mll) 

-- 519 (1 mil)  

Prapigating Tear 
Strength - Elniendorf . 
(gm/mil) 15 10-16 8 (1 Cdl) 

Tl.erninl Cond. ctivity 
(Rtu/hr-ft-'R) b.083 8 77.F 0.11 @ 7T'F 0.11 63 77'F 0.090 @ 7 7 T  

Specific Heat (Ut-db-*R)'  0.315 0.29 0.30 0.261 

Rite ot Rurni?! S l O l V  Moderate. can be Slow Self-ext. 
Innde flame resistant 

0.50 0.25 

I) I!.\ o t b t n i ~ , !  from nmlots '  *~-oduct bJ1c:ins. 
* *  t).>t 1 o:,:ni-cf! front I:ciri-c-~c 3-7 .  
* * *  NI, - :,,.i(.Iiiric dircrtioii; VI) cross tlircction 

The thin (11 gauge) Kimfol film appeared to suffer rather severe shrinkage and w r i n k l i q .  
The same was true of Mylar but to a lesser  degree. DuPont l i terature states that Mylar 
will strain relieve (shrink) approximately 1.5 percent after a 30-minute exposure to 302F 
air. This was found to be the case. These initial tests indicated that gddized Kapton 
was the hest material considering a 300F temperature level. Mylar on the other hand 
appeared to be marginal. Test results are presented in Table 3-2. 

~ 

3.1.3 TENSILE STRENGTH TESTS. Tensile strength tests were  conducted on Kapton 
and Mylar, both double goldized , to determine the structural strength of these materials 
in  the temperature range between -520 to 300F. These tests were needed to give 
qllantitative information to be used in  the insulation system design. Nine DGK (30 gauge) 
and eight DCM (25 gauge) specimenp, 1 x 10 in. in size, were tested. The results are 
shown in Table 3-3. 

3 .1 .4  GOLD COATING THICKNESS AN1;L.YSIS. I', is important that the quality of the 
double-goldized Kapton be chec2ed beforc it is used as a radiation shield. This point is 
clearly illustrated in Figure 3-2. Sections from two different rolls of G-K-G were placed 
on a light table. Eoth rolls were  from National Metallizing Company, Cranbury, N. J. 
The top and bottom halvce of Figure 3-2 show the sections from the first  roll and second 
roll as received respectively. The figure shows that the material in f i rs t  roll is 
significandy lighter in the middle than at tile edges and that even where it is darkest it 
is not 5s d a r k  as the middle of the second roll. While the variations in the second roll 
are not as noticeable as the first roll, i t  can be seen that the edges are lighter than the 
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middle section. In general, the light sectlone indicate where the gold film is too thin. 
The radiation shields under cornideration may be thin sheets of Kapton evaporatively 
coated with gold. The reflectance of the coated shield depends on the conditions exieting 
during the evaporation of gold during the manufacturing process including quality of 
vacuum, deposition rate anddistribution which determine the thickness of ~e gotd. 

Adhesive became darker in color: 
' darlmess increased for sample held 

In oven for 5 houre over one hour 
sample. 

None 

None -- 
Distortion d grommet: dietortion , - 
greater on 6 hrtestover lhrtest. 

Serious degradation - Dacron cc -- 
appeared to &rink monrthan Mylar. -- 
Moderate degradntiwt: surface ehine -- 
and s m o o t h m a .  

S l u t  lose h shine of goldized 
surfece. 
Sllght laea of ehiDe on aluminum 8&-- 

face. Adheslve became darker (than 
300'F test sample). 

I 
I 

Table 3-2. Preliminary High Temperature Test Results 

I - __c MATERIALS TESTED . 1 300T TEST - APPARENT C H A N O d  4 0 0 7  TEST 

w b n  ' Avg. Ut. 
I L Load (lbs) 
I 

5.31 

3.57 

AAU(25 gage) - 7313/Sllane-Nomex 

Double4oldized Mylar 
Temp. Ult. Load Avg. Ut. 
(OF) (Ibs) Load Qbs) 

RT 4.61 3.70 
2.64 

k 3. a4 

300 1.90 J 1.77 

CK(50 gage) - 7343/SlLane-Nomex 

Me-Goiclizec K - 

AbM(25 gage) - 734bDacron 

' Ult.  Load 
~ (Ibs) 

Gbl(S0 gage) - 7343hllane-Nomex 

GMP5 gage) - 7344-Nomex 

AMA(25 gage) 7344-Nomex 

Dacron Net 

PPQ-534 Rod 3/16" diameter 

Lexan Grommet 

x-850 - Alu&eed 
MDM-1506 - Not ALumlnfzed 

KIM - AlEmintZed 

Alumi.Ced surface had slight lorre of 
SPLne; adheslve became darker and 
while hot could be rubBed off. 

Adhesive became darker ln color d 
while hot lost strength. 

I I SUght shrinkage of A M  

I None 

None 

I None 

Aluminleed surface loet shine; ad- 
heslve became darker and while hot 
last eke@. 

Severe loss in shine of goldized 
aurfece. 

I -- 

KIM - Not A l ~ ~ n l n i ? A  -- 1 I Severe d w .  :strength, shrink. &color. 

Table 3-3. Results of Tensile Strength Tests of Double Goldized 
Kapton and Double Goldid Mylar (1x10 Inch) 

Dol 
Temp. 

("F) 

RT 

300 

-320 

5.37 
5.57 
5.00 

2.50 
3.72 
4.48 

9.10 
11.55 
10.80 

.1.95 I 1.46 

10.5 1 -320 1 8.5 I 8.4 
I ,  

8.3 I 
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Table 34. Coating Thickness Since i t  is impossible to obtain a sufficiently thick 
coating to be completely opaque and since there are 
disadvantages to coatings which are too thick or too 
thin, coating thickness optimization is required. 
The complexity of the determination of the optimum 
thickness, if all pertinent variables are considered, 10 
was beyond the support available for this program. 100 

200 1630 This trade-off study would require a special mathe- 
matical analysis of the superinsulation and could 

probably best be performed by means of a computer program. It is possible, however, 
using some reasonable assumptions to arrive at an approximate required coating thickness. 

Requirements Vs Wavelength 
for 99.594 Effective Intensity 

- 
Thickness !d) 

360 
1100 

3.1.4.2 Assumptions. The following assumptions w e r e  made: (1) The emittance from 
a gold-coated Kapton surface is 0.02 and the reflectance is 98.3. (2) Assuming that a 
transmittance of 0.5 '% is acceptable 3t the infrared frequency below which 95% of the 
blackbody energy occurs for the temperature of the coldest part of the system. (3) 
Kapton material to be the base film. 

3.1.4.3 Effect of Film Transmission on Emittance. First consider an essentially 
completely opaque film of gold which has a reflectance of 0.99 and thus an emittance 
of 0.01. A beam striking this surface would be 99% reflected and one percent absorbed 
in the gold film, as shown in Figure 3-3. Now, consider the problem of the reflectance 
of the film which allows significant transmission. If the film transmits 0.5% of the 
radiation into the Kapton (where i t  will be almost completely absorbed), the incident 
beam can then be assumed to have an effeotive intensity of 99.5% (since 0.5% is absorbed 
in the Kapton), and applying the reflectance value of an essentially complete opaque gold 
film (Figure 3-3) to this effective intensity, the reflected percentage of 98.5 is obtained, 
see Figure 3-4. 

/ I OoU) KAPTON 

Figure 3-3. Radiation Shield Absorption 
and Reflection Schematic 

Figure 3-4. Radiation Shield Absorption, 
Reflection and Transmission Schematic 
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3.1.4.4 Wavelength Considerations. I t  is necessary to know the wavelength region of 
importance when computhg the gold film thickness required. The colder the radiating 
surface, the further into the infrared the peak of the radiation will be located. The 
temperature6 oi the two shields of the 87 inch Convair Aerospace tank, (45 layer Superfloc 
insulation system, Ref. 3-2), which would be the coldest have been used as an example to 
calculate the blackbody spec+?al emissive power curves as shown in Figure 3-5. These 
curves were derived from blackbody tables given in  Reference 3-3. Curves a re  plotted 
for the first  and second radiation shield a t  58K (104.m) and 89K (160.2R) respectively. 
At 58K, the wade@ increment out to 205 encompasses 95% of the blackbody energy. 

10.0 

\ 
3 

X 

0.01 
10 100 1000 

This is the wavelength 
taker. for computation of 
the gold coating thickness 
actually required at this 
location. 

3.1.4.5 Cdculation of 
Gold Coating Thickness. 
The gold coating thick- 
ness calculation assumes 
that the g d d  transmits an 
acceptable amount of 0.5% 
radiation into the Kapton 
film and that the maximum 
wavelength is 200 p as 
explained above to 
provide the required 
opacity. The thickness 
is derivable from the 
relation dI = bdx where 
I is the intensity, cy is 
the absorption, and x is 
the distance. 

The solution for this is 
I = Ioe'aX where cy = 
(4 nk)/A (References 3-4 
and : -5), and k = extinction 
coefficient. Thus 

4nk -- I -T - e  I 

The circumstance where 
the intensity falls to 99.5 

WAVELENGTII. p % of its original value is 
Figure 3-5. Blackbody Spectral Emissive Power for 58K & 89K given by 
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I 4nkx In- =In (.005) = - - x 
IO 

where x = (5.3 x)/(4 nk). 

Values for the extinction coefficiant k are taken from Reference S .6 and are shown witb 
n (the index of refraction) and reflectance R in Figure 3-6. The CalcUlated value8 for 
and k are derived for the longer wavelengths where no plblished data exist and 
where in theory n=k. Ia these regions UT<< 1 where u) ia the radial frequency of 
the radiation and 7 is therelaxation time of the electrons in the metal. Although 
the two curves in Figure 3-7 are derived from two different equations: one using 

10,000 

A 
c 

-e*-- dl 1,000 
a CM4 BQ 

Hi 

e--# 

2 K  d 

10 g 

--. ------------‘loo 
0 
2; 
4 

i- 100 ’ Z H  
O U  
E k  - /* 

u u  

/*’ ! 
4 J 

1 

100.0 1000.00 1.0 10.0 
WAVELENGTH, 1.1 

5 ,  

00 



elecirical condwtivib and wavelength; (x = 5.3/4n %&%, while the other uses the 
extinction coefficient k, coincidence is shown for the longer wavelength. It is seen from 
the 58K curve in Figure 3-5 that a t  205p the blackbody fraction is .95 and by reference to 
Figure 3-7, it is determined that the thickness d gold required to obtain 99.5% extinction 
at that wavelength is about 1650 A. By reference again to Figure 3-5, it is seen that at  
58K, the blackbody peak occurs at about 50 p ,  and by reference to Figure 3-7, 780 
thickness of gold a re  req3ired for 99.5% extinction a t  this wavelength. 

3.1.4.6 Film Thickness Measurement. The standard method for thickness measurement 
by metallizing companies appears to be measurement of the resistnnce of the metal coat- 
ing in terms of "ohms per square.'' Knowing the resistivity P of gold to be abmt 2.24 x 
10-6 ohm-cm the measured resistance R per square can proLide the thickness t = P/k. 
Since the resistance is small, resistance determination can be made nlth instruments 
such as the Kelvin bridge. Ordinary precautions in minimizing contact resistance are 
obviously needed. However, the null method of reading against a calibrated resistance 
in another arm of the bridge eliminates instrument errors .  Kelvin bridges measure to 
hundredths of microohms and have reading accuracies of 0.05%. 

The resistance measurements would be adequate if there was some assurance of film 
uniformity. But unfortunately, there is likelihood of considerable thickness variation 
and auxiliary methods of checking the thickness are required. 

Interference measurement is another method which could be used to determine the coating 
thickness. These measurements require the presence of a "step;" that is, an area which 
i s  coated with the film, the thickness of which is to be measured and is adjacent to an 
uncoated area (Figure 3-8). Such a step could be created during the evaporation 3rocess 

by covering o r  shielding a small area with a small 
shield in the form of a piece of plastic. This shield 
would be removed from the plastic after the evaporation 
process is completed and the section of the plastic 
containing the step cut out of the main sheet for 
measurement. 

Interferometric measurement technique is highly 
reliable and capable o€ memuring within a hundred 
angstrom thickness. There are at least two 

commercial instruments available on the market suitable for  making these measurements. 
?ne is the Zeiss Interference Microscope and Flatness Tester and the other is the Sloan 
Angstrometer. Because the sample must be cut out of tbe material in order to use this 
method and because of the general nature of the method, it is not recommended as a 
routine quality control device but rather as a means to calibrate the resistance measure- 
menta and to allow periodic spot checks of the performance of the manufacturer's 
evaporator. 

STEP 
\ 

GOLD I 
KAPTON 

Figure 3-8. Coating Thickness 
Spot Checking by Inter- 
fer ome try 

3.1.4.7 Reflectance Measurements. The final confirmation of shield reflectance should 
be determined by actual measurement of the directional reflectance of the gold surfaces. 
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These meaeirements should be made over the wavelengths of interest; that is, from two 
to 205 micrcns. It is recominended that most routine reflectance measurements be made 
on samples out to 30 microns. The measurements to long wavelength show the quality of 
the evaporatioE process and reveil any inadequacies in film thickness through the 
occurrence of increased emittances. 

_ _ _ - ~ ~  
Dacron* 
I'olyester 
(Dul'ont) 

Melts at 
J80F 

-- 

0.4 

1.38 

3.8-4.3 

RO @ 8% 

12 

0.099 

-0.5-0.6 

P ow 

3.2 SPACERS 

Nylon G' 
hl yamdi 
(Ihl'ont) 

Melm at 
42OF. 
yellows 
after 
5 hrs at 
3OOF 

4 . 0  

1.14 

3.8-5.5 

100 2'; 

17-20 

0 . 1 4 3  

- 

0 . G  

Self-ext 

3.2.1 PROPERTIES. The current Superfloc spacer configuration utilizes 0.040 inch 
long, 3 denier, Dacron flock bonded with Crest  7343 polyurethane adhesive in a triangular 
configuration with 318 to 1/2 inch tuit spacing. The properties of this and various other 
staple fibers are shown in Table 3-5. All except silk will meet the 300F temperatiire 
constraint. Dacrcn was chosen for the Superfloc application because of its high tenacity, 
low moisture regain, and low weight. Nylon polyamide, silk, N o m a  polyamide and PBI 
all  have at least ten times the moisture regain of Dacron, an important property of the 
exposed spacer system. Kodel polyester has a comparable moisture regain and lower 
weight, but its breaking tenacity is considerably lower than that of Dacron. Teflon and 
'E " glass have virtually no moisture regain and can be utilized at temperatures greater 
than 400F, but they a re  also much heavier and have a higher thermal conductivity than 
that of Dacron. 

11.0 

3.2.2 PRELIMINARY HIGH TEMPERATURE SCREENING TESTS. Two candidate staple 
fibers, Nomex and Dacron, were tested for five hours at 400F {Table 3-2). There was  
no noticeable discoloration or loss of strength 

0 . 4  

Table 3-5. Properties of Staple Fibers 

2.8-5.2 

-- 
18 

-- 

-- 
Moderate 

Property 

Effect of Heat 

2.5-3.0 

90-97 02'; 

1 1  

-0.1 

-0.5-0.G 

Slow 

Moisture Regain C% 

Speciflc Gravity 

Breahng Tenacity (gpd)") 

Elastic Recovery (%) 

Average Stiffness (gpd) 

Therm a1 Coaduc tiv i t y 
(Btuhr-ft R) 

Specific Heat (BtuAb-R) 

Rate ol Burning 

I 
Kokel 
Pol yester 

at 340F 

-__ 

I'eflon * *  
Fluorocarbon 
(Dul'ont) 

hlelts at GZOY 
nodegrades 
at JOOF. suL- 
l imes  0.0002'j 
per hr at 55OI 

~~ 

0 

2.3 

1.G 

-- 
12 

-0.14 

0.25  

N o d a m .  

~~ 

Nomes *** 
I'olvam ide 
(Ull'ontl 

ioes not mel t ,  
egrades a h v  
OOFnat 48OF 
as G O ' i  a t  RT 
trength 

-- 

5.0 

1.38 

5.3 

100 @ 4% 

2db) 

0.075 

0 . 2 9  

Self-ext. 

322 105 

l . G  I - -  1 
1 

(a) Grams per demer 
(b) Calculated 

* Data from Refereme 3-1. 
* *  Data from Referewe 3-8. 
***  Data from Vendor PI duct BulleUns 
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3.3 FACE SHEETS 

Face sheets are used for structural support for a blanket of multilayer insulation (MLI) 
radiation shields and spacers. A face sheet is placed on each side of the blanket to 
protect the core sheets from rough handling and to take the loading that the insulation 
will experience during a mission. Requirements a re  that the face sheet be formable, be 
able to retain its form at temperatures from -420 to 300F, and maintain a strength of 
2.5 lb/inch of width (Section 5.1.1). 

3.3.1 MATERIAL, CANDIDATES, PROPERTIES AND PRET.-IMINARY TESTS. The face 
sheets, currently used by Convair, consist of fibrous netting sandwiched between 
metallized polymeric films. The properties of several  laminates, supplied by G. T. 
Schjeldahl Co., are presented in Table 3-6. The X-850, an aluminized Mylar/bacron/ 
aluminized Mylar laminate, has been used in recent low temperature MLI system 
designs (Ref. 3-1). The second sample, MDM-1506, a goldized Mylar/Dacron/goldized 
Mylar laminate, waa ordered by Convair from Schjeldahl for  preliminary screening 
tests. Both samples, the X-850 and MDM-1506, were  tested by hsating them to 300F 
for 5 hours b evaluate any degradation. Both materials greatly deteriorated. The 
materials wrinkled badly, possibly due to the difference in thermal expansion and 
mechanical characteristics between Dacron and Mylar materials a t  300F, as well as the 
polyurethane adhesive decomposition between the Mylar sheets. 

Table 3-6. Face Sheet Laminates 
TENSILE 

DESIGNATION'** DESCRIPTIO\ STATVS WEIGHT STRENGTH COMMENTS 

x-850 

MDM- 1506' . 

X-996 

KNK-2508*' 

G111200 

G115400 

G120400 

213-90-2 

0.5 mil alum. blylar 
0.43 OL 'yd- Dacron net 
0.25 mil alum. Mylar 

Shelf Item 

0. 15 mil gold. hlvlar 
0.6 oz,yd2 Dacron net 
0.15 mil gold. Mylar 

0.50 mil dum. tiapton S h d f  
U.GO 02 fiberglass s c r i m  
0.5C mil alum. tiapton 

Seu 

0.25 mil gold. Kapton Neu 
0 .  a o z / y d  Numex net 
0 .25  mil gold. tiapton 

1.0 mil alum. Kapton Bel f  

1.0 mil alum. hapton Shelf 
1.8 ur.'yd2 Nomen net 

0.5 mil alum. &apton Shelf 
0.8 oz/yd2 betaglass 
fabric 

1.0 mil alum. Kapton Shelf 
3.2 oz/yd2 glass fabric 

2.3 60' 

1.4 -- 

2.2 40 

1.9 -_ 

3.5 100 

3.5 100 

-_ -- 

4.4 130 

Currently used matertal 

Self-extinguishrag adhesive 

Would be serviceab!e up 
to 600'F 

Self-extfngulshing adhesive 

Llmited w e  to 600T  

-- 

No noticeable degr. after 
168 hours 

Convair measured data 
* *  ConMir designation 

* * *  Data obtained from bulletins published by, and prlvate communications ulth. C. T. Schfeldahl Company. 
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':&le 3-7. Results of Tensile Strength Tests of Pyre M. L. Face Sheet Material 

RT 

300 

-320 

11.30 
12.15 
12.46 

1o.n 
9.2 

12.2 

12.0 

10.6 

26.0 17.2 
14.5 
12.1 

RI' 20.0 23.0 
24.9 
18.6 

PprrM. L. Wlth Beta ClMr - Dmbh Thread MrecUon 

RT 39.3 98.7 
30.3 
31.6 

L"I 

.E 

4 

3 

-1 

-2 
0 00 40 60 80 in0 120 

A M R I E N I  RELATI\% HUMD)IWs 9 

Figure 3-11. Tube Dilatometer Figure 3-12. Effect of Moisture on Re-nforced 
Kapton Face Sheet Qecimena TO703 and 
TO711 3-14 



time no further length changes were indicated. An expansion cycle was then run from 
-423F to 370F. As shown in Figure 3-13, exposure to high temperature apparently 
cause8 drying beyond that possible by the helium purge, and ahrimage occurred. With 
the apecimen kept dry fdlowing the first expowme to 350F, the expansion cycle was 
repeatable at the high temperature end. 

An attempt was made to remove moisture-absorbing components and stabilize the 
material by post-curing at  6COF for  1 hour, Om epecirnen (T0711) was tested eimilarly 
to TO703 with the results shown on Figure 3-12. Based on this one set of specimens, it 
appears that the post curing helped minimize the problem of moisture absorption 
although it stgl is of significant magnitude. 

3.3.5 THERNAL CYCLtNG "EST. Tho objective of these tests was  to determine 
mechanical property degradation of the Pyre ML face sheet material due to 100 thermal 

4 

2 

0 

-2 

*a - -4 
X s 4 

-6 

-8 

cycles between -420 and 300F. 

A 5 in. x 10 in. sample of the 
material was loosely rolled into 
a cylinder 5 in. x 3/4 in. in dia 
and was  inserted into a 6 in. X 

3/4 in. I.D. copper tube (Figure 
3-14). The tube was inatallec! 
into a liquid hydrogen cryostat 
which also contained a heated 
cavity above the hydrogen. The 
copper tube, with the specimen 
installed, wa8 alternately sub- 
merged in the liquid hydrogen and 
raised into the heater to accomplish 
a temperature cycle from -423F to 
300F. A sketch and a photo of the 
apparatus are shown in Figures 
3-15 and 3-16 respectively. One 
complete cycle w a s  accomplished 
in 11 minutes. The specimen tube 
was maintained at  an atmosphere 
of dry helium at all times. 

Upon completion of 25 cycles, one 
half 02 tlle specimen was cycled 
another 75 time6 and than tested. 
The peak loads at room tempera- 
ture after 25 and 100 cycles were 

0 1 

(0) 

-12 
16.5 and 9.15 b per inch, respect- 
ively, It appears that the brittleness 
of the Pyre M L  increases with the 

degradation resulted from the test. 

(180) (360) i;?O) (720) (900) 

mxwEnnTum, K :R) 
Figure 3-13. Linear Thermal Expaneion of Glaae number of cycles. N d  visible 

Reinforced Kajiton Face Sheet 
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test to measure the thermal conductivity of PPO 53l* are given in Table 3-9. 

Table 3-9. Thermal Conductivitv of PPO-531 

Mean Temp. I F 

-416 
-405 
-393 
-312 
-301 
-106 

-94 
36 
53 

216 
226 
313 
31 8 

AT, F 

11.0 
30.4 
52 .4  
11 .3  
32.2 

5.6 
22 .7  

7 . 6  
34.9 
6 . 5  

24.1 
7 .7  

18.7 

K, Btuhr ft 

.035 

.OM 

.045 

.069 

.070 

.087 

.ow 

. l o 8  

. lll  

.131 

.126 

.137 

.133 

Figure 3-17 compares the thermal conductivity of PPO-531 with the Conductivity of Lexan 
121. .I4 

*Note: PPO Grade 534 was sdbetituted by Grade 531. Both grades have very similar 
mechamical a d  thermal properties; the major difference being the ten percent higher 
heat deflection temperature of Grade 531. 
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3.4.4 TENSILE STRENGTH TESTS. PPO 534 specimens, four inches long, were 
machined as indicated in Table 3-10. The tensile swsngth was measured at  -320, 

Tablo 3-10. Results of Tensile Strength Tests 
for Polyphenflene Oxide (PPO) 

I k 1 . 0 0 4  I I  

TENSIOPj TEST SPECINEN 

Ultimate Ultimate 
T Area Lmd Laad 

T e m p r a k e  (inch) (I$) (pounds) !.d! 

Ambient 0.1231 

0 . 9 2 6  

0,12?; 

305% (10 minutes 0.1232 
at temperature) 

2,1250 

0.1232 

-320% (5 minutes O.l?i3 

0.1223 
at temperahrre) 

0.1254 

0.0119 

O.OlI?  

0.0119 

0.0119 

0.0123 

o.aiB 

0.0127 

0.0117 

0.0123 

122 10.4 

113 ' 9.65 

124 10.4 

38.0 3.19 

2i.  5 2.24 

36.5 L O 7  

202 15.9 

200 17.1 

197.5 18.1 

Table 3-11. Resi l ts  of Shear Tests for 
PPO- 53 1 

S E A R  TESl? SPECIMEN 

bitlmate. Ultimate 
n Area Load Load 

Tsmperaturo (inch) (in2) (pounds) (Psi) 

Ambled 0.1912 C.057124 448 7902 

0.1915 0.057604 465 8072 

0.1916 0.057664 453 7856 

So$F 0.1902 0.058826 253 4301 

0.1906 0.057OG4 222 3890 

0.1922 0.U58026 211 3636 

-320% 0.1924 0.058148 1030 'r7,713 

0.1895 0.05648 980 17, 373 

0.1916 0.057654 9 22 17,203 
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ambient and 300F temperature. Three 
samples were tested at each tempera- 
ture. The results are shown in Table 
3-10. 

3 . 4 . 5  SHEAR TEST. The shear 
strength of PPO 531 was determined 
at -320, ambient aud 300F, utilizing 
three samples of 2/16 in. dia rod, 
2 in. long. Results z e  given in Table 
3-11. 

3 . 5  ADHESIVES 

Adhesives are used in three different 
mays in present Superfloc MU designs: 
(I)  to hold the flock tufts to the radiation 
shields; ( 2 )  to hold the core a d  face 
sheets to the tik5n pin fastener grommets, 
and (3) as part of the laminated face 
sheets. In dl three areas, the pr ixary  
requirements for a good adhes  ive are 
that it not soften or vaporize at; b e  
maximum service teEperature and that 
it not be brittle and subject to craclcing 
undcr vibrational and acoustic loa- 
at cryogenic temperatures. 

3 .5 .1  CANDIDATE S. The polyurethane 
class of adhesives (see Table 3-12) 
generally has maximum strength at 
cryogenic temperatures and decreasing 
strength with increased temperature. 
Crest 7343 (Crest Products) polyure- 
thane has been used in the past, but it 
becomes marginal above 250F. The 
silane modified 7343 exhibits better 
strength at elevated temperatures, as 
does Crest 7344. Two additional Crest 
adhesives, 7345 and 3170, were 
suggested by the manufacturer to have 
adequate strength at 300F. Epon 934 
(She!I) epoxy has even higher strengt2 
at elevated temperatures but may 
become brittle at cryogenic temperatures, 



Table 3-12. Adhesive Candidates The SIX 529 (General Electric) 
w4x. USEFUL silicone and Uie UR-SI (Blooming- 

DESIGNAT ION TYPE cohlpAhy TEMPEr-'TURE -F** dale) polyimide adhesives have 
very high s e n i c e  temperatures 
but are unattractive in that they 

Creat 7343 P o f y u r e h e  crest 250 

Sllnne blodified Crest 300 Crsat 13432. 
Polyurethane 

crest 1344 Polyurrthane crest 

cmt 7345 M d i f l d  Crest 
Polyurethane 

Crest 3170 YaMedEpaty Crest  

300 have elevated temperature cure 
- cycles. The other adhesives 

E- 934 Epoxy SheU 350 
3.5.2 PRE L ~ I I N X l E Y  HIClIi 

SR 529 Silicone General E k c M c  500 

BR34 Polyimlde Blmrdngdsle 600 TEAIPERATURE TESTS Results 
Dc 732 SlUcone DOW C o r m  450 of pr4iminary high tempzrature 
r a d  designation. tests utilizing polyurethane 

adhesives includi ~g Cres 724.' 3 :  

7343/Silane, and 7344 are presented in Table 3-2. The only noticeable change after 
the 300F test was in the Crest 7344 which discolored after both fire hour and one hour 
exposures at this temperatme. All  three adhesives darkened at 4OOF. 1~Iov:e~;a:~ 
7343/Silane and 7343 lost  their streagth while at 400F. On coollug, uieir sirength 
returned. 

** ~ l l  dau  obtzined frcm 'C'endor data &eta. 

3.5 .3  RIETAL-TO-METAL ADHESIVE SHEAR TEST. Six adhesives were selected fo r  
screening using the test apparatus in Figure 3-15. The adhesives and the preliminary 
test resulta are given in Table 3-13. Three specimens were run with each adhesive at 
each temperature. The Crest 7343/Silane is adequate to meet the strength require- 
ments between -420 and 300F. 

- 

Table 3-13. Metal-to-RIetal Adhesive Shear 
Test Results, ASTM D1002-64 

@'RE LIMtSARY) 
S e a r  Strength. ps 1 

Crest :x3/ Shell 
Dow-corning Epoo 

Crest7343 60402 Crest7344 3M3515 934 

Polyuretbpno/ Epoxpl 
potyuurcthaae Silane FmWethm hlymethlae Epox-y 

-423T 5853 3870 W 7  6843 2027 

RT U73 1853 2993 1115 3043 

250T U8 400 252 250 674 

300T 108 234 2 I7 92 780 

NOTES: 

1. Awrage valtres for three teat 8peclme11~ at each tast caditlm. 

2. Crest 7344 wan modified with Dow-Cornlog 6MOZ silane but FS !mud incorn- 
-le; m MU test data was obtained. 

PQa4-T3 ALUMINUM 

A- 
ADBFSVIE 1" X 1" 

Figure 3-15. Metal-to-Metal Adhesive Shear, 
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3.6 P L I G E  BAGMATERWLS 

Superinsulation layups for  
reusable cryogenic storage vessels 
require a purge and repressuriza- 
tion system durinz atmospheric 
exposure to ensure maximum 
therrnal performance during 
ground hold,boost, space flight 
and re-ectry conditions. In 
order to function properly, the 
purge bag material must be 
impermeable to inert gases zhch 
as helium o r  n i t r o p i .  I t  is 
required that the material hns 
lrigh tensile strength , high tear 
resistance, low elongation anci 
low weight. The objective of this 
study was to identify, fabricxte 
and experimentally evaluate 
purge bag materials which meet 
the required physical properties. 



3.6.1 CANDIDATE MATE RIALS. Considering the physical properties I promising 
material candidates were found to be  the FEP (Fluorinated Ethylene Propylene) film 
material bonded to a reinforcing material such as Epoxy pre-impregnated glass fabric 
or Nylon. 

3.6.2 FABRICATION. Three 24 inch s q u z e  purge bcLg materials were fabricated as 
follows : 

Test Coupon No. 1 

1. One piece of 24 inch square, two mil FEP film material was  taped to a flat aluminum 
caul plate with the cementable surface facing up. 

2. One piece of 24 inch square Epoxj‘ pre-impregnated glass fabric (181 style) was 
placed on each side of the FEP film. Iiigh temperature glass fabric tape was used 
to stretch the films and eliminate wrinkles. 

3. Four plys of 1534 style woven glass fabric bleeder material was put over the layup 
tu insure uniform vacuum distribution. 

,- \‘.XUU!d UhG 
( I ’AC-P.K)  

P3-*:t 1:i’ RLEE DE K 
ZISC-CRROLIATE 
!he. SLALISG TAPE 

__ -__ 
I__I_ 

+-CAUL PLATE 

i 4. The material layup was then oven 
cured at 275F temperature fo r  
three hours using standard vacuum -~I__ ___ 

- ______ 
piere 3-19)a Figure 3-19. purge Bag mkra 

5. The test sample was removed after curing. The resulting purge bag material was 
0.017 inch thick and the weight was 3.141 Ibs/f$. 

Test  Coupon No. 2 

The same procedures used on Test Coupons No. 1 were repeated on Test Coupon No. 2 
except that the Glasshpaxy pre-preg was  replaced by Nylonhpoxy PT !-preg. The 
thicknese and the weight of the material was  0.019 inch and 0.1205 Ib, t2 respectively. 

Test Coupon No. 3 

The procedures use! LO fabricate Test No. 1 again were repeated except that both the 
Nylou/Epoxv -,ce-preg and the Glassfipoxy pre-preg were used together as a center 
laye:. The material was 0.029 inch thick and the weight UBS 0.202 lb/ft!‘. 

Test Coupon No. 4 

This material, Coupon No. 4, consisted of two pieces of 1 mil FEP film material, 
reinforced by a center sheet No. 120 Epoxy, specification no. 0-73009-1. The material 
was fabricated as described above. The material layup was oven cured at 350F tempera- 
ture for 2$ hours. After  fabrication of the material, ita lamination thickness was .007 
imh and its density .063 lb/ft2. 3-21 





Table 3-14. Purge Bag Data 300F, respectively. After 
removal of the specimen, i t  
was found that the material 

-- Slatcrid 7 NO ~ e w . 0 ~  C C / W ~ / I ~ ~  Ib/flZ Mat':. io. was slightly damaged. This 
FEP/Glass Falirlc 181 1 A&. 1 2 x In-6 0.141 0.017 was caused by a sharp edge 

of the 0-Ring groove. There- 
F E P  "Nylcm 2 Amh. 1 3 . 9 x  10-6 0.1205 0.019 
FEP., Sylon 2 300 3.5 X 10-5 0.1205 o.oie fore, these flowrates cannot 

be considered true test reaults. F F P / G I Z S F . / ~ ~ I I  3 A d .  3 . 3 ~  10-3 0.202 0.029 
FEP'Cl-iss Fnhrrc i20 4 A d .  2.2 x 1+4* 0.063 0.007 
FEP.'Cl.xs Fabri: 120 4 3UO 1.6 X 10-4* 0.063 0.007 Coupon No. 1 has the lowest 

permeability at ambient 
temperature. The FEP/Glass-Nylon material (Coupon No. 3) resulted :a the highest 
permeability and weight and therefore was not considered anymore as a purge bag 
candidate. The FEP/Glass laminate has the advantage of low outgassing and can be 
easily operated at  temperatures over 5OOF. The weight of the FEP/Glass material can 
be considerably reduced by utilizing one mil FEP film in combination with 1 or  2 plys 
of 120 style glass fabric material. A goldizing process will further improve thermal 
performance and permeability. There w m  no physical degradation of Coupons Nos. 1, 
2 and 3 materials tested at 0.5 psid. 

Typc of R a g  Coupon Test Helium rlow STD Wt of Materlal Thichere 

FEP/C.lnse F.1bric 181 1 300 4.0 X 10-5 0.141 0.017 
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SECTION 4 

SUPERFLOC DEVELOPMENT 

During this study, Superfloc suitable for reus:ible applicatiom wcs developed utilizing 
the candidate materials discussed in Section 3. Acceptance tests were performed in- 
cluding manufacturing tests, cryogenic dip tests, thermal elcpmsion and cycling tests, 
compression and recovery tests, and thermal per€ormance tests. 

4.1 MANUFACTURING TESTS 

The present method of fabricating Sr.pr.rfloc consists of placing a silk screen printing 
device on the Mylar and using a sqveegce to transfer dots of adhesive to the Mylar. 
The vibrating action forces the Dacror, into the adhesive. During the fabrication of the 
new Superfloc radiation shield, bcth Kapton (polyimide) and Mylar, aluminized and 
goldized, have been printed and fiocb.r?d with no apparent manuiacturing process differ- 
ences. These films have been floc'md with Dacron and Nomex fibers. The fiber "stand- 
uptt characteristics are similar: however, the Nomex fibers, before flocking began, 
were found to be clumped into s n d l  (l /4 inch diameter) balls. Because of this clump- 
ing, the time required to flock :I surface is longer than with Dacron. Drying at 220 F 
for one hour or passing the cluriped Nomex through a demagnetizer does not break up 
the clumps. The adhesives, wl-ich have been applied to the films of Mylar and :<apton, 
include Crest 7343, Silane modified Crest 7343, Crest 7344, Dow Corning 732, and 
Epon 934. Excellent adhesion after curing for one day wzs exhibited by Crest  7343 and 
7344, both unmodified and modified with a Silane. Excellent adhesion was exhibited by 
Dow Corning 732 after the humidity surpassed a threshold value to initiate curing. 

4.2 CRYOGENIC DIP TESTS 

Three sets of materials (Table 4-1) consisting of 11 specimens per set were tested. 
In Test #1, liquid hydrogen was used to  bring the specimens to -420 OF in 5 minutes. 
The specimens were then immersed in liquid nitrogen so  that each test sample could be 
removed separately. Samples cne thrcrugh nine had adhesion tests performed with 
masking tape (Mystik Tape Dvision, Borden, Inc., Northfield, Ill.) immediately upon 
removal and again after a period of 5 minutes. The weight applied to the tape corre- 
sponded to a pressure of 198 psi, The results are documented in Table 4-1. The same 
procedure was followed in Test #2 except that the specimens were brought to -420 F at 
an accelerated rate (1.25 min.). All acceptable materials, D-A-M, D-G-M and D-G-K 
utilized 7343/Silane adhesive and Dacron flocldng, There were no visual defects on 
specimen 10 and 11 (Face sheet candidates). 

4.3 HIGH TEMPERATLTE TESTS 

Three sets of materials (Tatle 4-2) consisting of 11 specimens per set were heated in 
an oven at 300 F. Two of the sets were previously cryogenically tested and one set was 
new. (3ne set was heated for 1 hour prior to the adhesive tests. The two remaining sets 
were heated for five hours. The same procedure was followed a s  in the cryogenic tests. 
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Table 4-1. Cryogenic Dip Tcst Results 
- 

I MATERWL cn\-ocz XIC TESTS (r-112) 

?7 I TEST '1 ! TEST '"2 

- 

Tsr 

1 

2 

3 

4 

5 

- 

I 5 MIN TO OBTAIN 4 2 0  f I 1-1/4 MIN TO 031 AIS -420 F i R E F U C T -  
W E  
SIIIELD 

D-A-ni 

DA-mi  

P A - h l  

D-G-M 

D G - M  

D-C-K 

D-G-K 

D-G-K 

crw: R C ~ T O ~ ' A  I 
___.-- 

NF 0/3 

AF 3/3 

SF s / a  

NF 0/3 

FF 3/3 

SF 2/2 

NF 0/2 

NF 0/3 

SF 2/2 

A 5 7 E R  5 Z l l S  

W 0/4 

- 

AF 3,'5 

SF 3/5 FF 2/5 

NF 0/5 

SF 2/5 FF 3/5 

SF 3/3 

SF 3/3 

NF 0/5 

SF 1,'s 
v- 

7344 Dacron Ai' 3/3 

EPON 934 Dacron SF 1/2 FF 1/3 

73?3/Sllme Dicron I W 0 / 3  

FF 2/2 

7343/Sllme Somex SF2/:! 

NF 0/2 

7349 Dacron 

7344 1 Nomex 

' 
I 
1 
I 

7344 

P 
i :  

KF 0/5 

Number d Fnl:ures'Number of f r l e s  NF Xa Fdlure AF = Adiiesire Fdlur? 
FF = 1'1lm Fn!Iure ST = Sur:nceFlflurc 

Results are shown in Table 4-2. In the heat tests the D-G-RT shrunk 2% and a distor- 
tion of the material was noticeable. The materials which had acceptable performance 
vnm completion of both heat tests were: the Dacron flocked D-A-M with 7343/Si!-ne, 
D-A-M, with 7344 and D-G-K with 7343./Silane adhesives. Results from both the cryo- 
genic dip tests ard the heating tests indicated that two combinations are acceptable for 
a mission in which the LrsLi.Iit~or may be subjected to both conditions. These combina- 
tions are: D-A-hI, 7343/'Si!al,el'Dacron; I)-G-K, 7343/Silane/Dacron. 

Table 4-2. Heating Test Results 

S P A C E 5  -- 
Cnc ron 

Dsc  ron 

Dacron 

Dacron 

Dacron 

%lllCX 

Somrx 

Dacroiv 

Da*ron 

l.r*lc\*d -- 
SF 0/3 * 

SF 0/3 

F F  2/3 

NF 0/3 

FF 3/4 

SP 3/1 

SF 3/3 

:.iF 0/3 

SF 3!3 

7344 

E POX 934 

7343/SIlane 

7344 

7343/Silane 

7344 

7343/511ane 

$341 

D-A-M 

D-A->I 

D - C M  

D G - K  

D - G K  

D-GK 

D-G-K 

U-G-K 

SF  0 / 2  

rr I /2 

NF O h  

FF 1/2 

SF 2/2 

SF 1!2 

sr 115 

SF 2/3 

NF 0/3 

FF 3/4 

S F  O/J 

FP 4/4 

SF 3/0 

SF 2/2 

NF 0,'2 

SF 2/3 

PIF 012 

SF ?/2 

X99G (Knptcn - Fiberglass - Kapton) 

X950 (Mylar - Dacron - hlylar) 

So Deterloratlon 

aterlor.dtlon 
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4.4 THERAhiL ZXPANSION TESTS 

Thermal expansion characteristics of goldized Kapton and Mylar radiation shields were 
investigated using the apparatus and procedures outlined in Section 3.3.4. Measure- 
ments were made in the two major sheet directions of each material. The data are 
presented in Figures 4-1 through 4-3. 
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loo 200 300 40G 500 
(0) (180) (360) (540) (720) (900) 

TEMPE RATUKE , K (R) 
Figure 4-1, Total Linear Expamion of 

G ~ l l d i ~ e d  Kapton 

Al l  of the Kapton specimens had 
an abrupt change in slope above 
ambient temperature, indica- 
ting a change in the material 
due to  the high temperatures. 
The smooth expansion back to 
ambient from 810 R indicates 
that the change is not revers- 
ible. It is felt that at least 
pari of the change is due to  
loss of moisture beyond that 
accomplished by the helium 
drying procedure. 

A specimen of Kapton radiation 
shield (tufted and goldized) was 
checked for moisture effects. 
Specimen TO713 exhibited R 

total change of !ength of less 
than 0.24 x 10 
exposed from zero to 100% 
humidity. A similar syecimen 
of Mylar radiation shield was 
subjected to the full range of 
liumidity with similar results, 
From the materials evaluated, 
the reinforced Kapton (Figure 
3-13, face sheet) appears to 
be the most sensitive to changes 
in ambient moisture at least 
on a short term basis, 

-4 in. /in. when 

Expansion of the hfylkr was 
extremely high above 560R. 

This was due, in part, to the low strength of the material at elevated temperatures. 
In the dilatometer used for the measurements, it was necessary to apply a load of 
approximately 0.2 lb on the 0.8 in. wide specimen to keep it taut 90 that the length 
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Figure 4-2. Total Linear 'I'hermal 
Expans ion of Gold ized 
Mylar (Longitudinal) 
Direction) 

(0 ) (180) (360) (540) (720) (900) 

"E MPE RATURE, K (R) 

Figure 4-3. Total Linear Thennd 
E xp an si0 n of G oldi ze d 
Mylar (Transverse 
D i r w  tion 

measurement could be made. T%s force causes creep of Mylar which invalidates tlic 
expansion measurement at high temperatures. Linear expansion actually has  little 
meaning in the temperature range where creep occurs under the influence 01 siiinll 
loads. 

4.5 THERMAL. CYCLING TESTS 

The objective of the thermal cycling test (100 cycles) was to determine any optical or 
mechanical degradation of flock X I ,  double goldized Mylar and Kapton radiation sllields. 
Both saniples were tested as described in Section 3.3.5. At the completion of 25 cycles, 
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one half of the specimen was removed for optical and mechanical property testing, The 
remaining half was cycled an additional 75 times and then tested. No visible degradation 
of the materials resulted from thermal cycling of the flocked Kapton. Results of the 
tensile test for the DGK shield at room temperature were as fdlows: 

Thermal Cycles 

25 
100 

Ultimate Load (lbs) 

5.58 
6.60 

The emissivity test results were: 

Temperature Emittance 
"R 25 Cycles 100 Cycles 

540 .0201 .0150 

The far-infrared spectroreflectometer (Ref. 4-10) was used to obtain the reflectance/ 
emittance data. The results indicate that the emissivity actually decreased with cycling. 
This decrease is probably due to the inaccuracy in the radiative property measure- 
menta. In determining the optical performancz, the reflectance of the sample is deter- 
mined in comparison to gold. Using a gold reference standard of reflectance of. 990 
to .993 and the instrument reproducibility of *.001, the spread possible in the results 
is approximately f. 0025 (Ref. 8-3). It was concluded that there was no degradation of 
the emittance resulting from 100 thermal cycles o r  lese. 

4.6 COMPRESSION ANI3 RECOVERY TEST 

The compression and subsequent recovery from the compress:on of selected materials 
and configurations have been teeted. The compressive forces of interest are less than 
1 x psi. The objective of i l a  test was to demonstrate that the Dacron flocking can 
keep the reflective shields of Swerfloc separated under flight conditions. These con- 
ditions included a maximum g-load of approximately 3.5. Three different tuft spacings 
were fabricated and tested. 

Reflective Shield: 
Tuft Material: 
Adhesive: Cres t  73Wsilane modified 
Tuft Diameter: .062 irch 
Tuft Spacings: 

Doubl p, s o l d i  zed Kapt on 
3 denier Dacron with a nominal length o f ,  04 inch 

1/4-inc.h, 3/8-inch, and 1/2-inch 

The test specimen for each configuxltion cousisted of 8 h y e r s  ea& 6" x 6" square. 
Each configuration was compressed m d e r  the uniform ioads for 3 minutes. The order 
in which they were applied waa 5 x lo'*, 1 x and 2 x psi. 

Af'ter these te&s the 8ame samples were subject to  a 100 cycle compression and 
recovery test at 2 x psi. The compresaive force was applied for 2 minutes 50 
seconds while 4 minutes 40 seconds was allowed for recwery  for each cycle. The 
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4.6.2 RESULTSANDDISCUSSION. T b  results aregiveninTable 4-3. A s  expected, the 
less the t$t spacing, the less the compression for a given compressive load. At aload 
of 2 x 10 
3/8, and 1/3 inch tuR spacing, respectively. Under all conditions the compressed 
samples returned to within approximately 97% of their original thickness within 5 
minutes after the load was removed. 

psi, the layer density was approximately 39, 46 and 56 layerhnch for 1/4, 

Cyclic exposure of the Su-rfloc samples to compression and recovery caused only a 
slightly increased compression and a decreased recovery. Af te r  100 cycles at 2 x 
the layer density was approximately 45, 48, and 61  layers/inch for 1/4, 3/8 and 1/2 inch 
tuft spacing respectively. In all cases, the recovery was above 92.0 of their original 
thickness wi4hin 4 minutes and 40 secmds after the load  as removed. When a sample 
was left overnight, the recovery *- as nearly 100%. 

4.7 COMPRESSIVE LOAD ANALYSIS DURING BOOST 

The ability of a MLI system to resist compression and recover from compressive hads 
after their removal is a system characteristic that is considered when determining the 
system's thermal performance. 

Table 4-3. Compression Test Results for Superfloc 

1/4'* T. h Spacing 3/8" Tuft Mcing 
7 IaSorfl sit,-. Layerh. C a R e o r  'omp- I R e c o v -  R e c o v -  

31.7 
33.8 
3i.4 
40.9 

42.1 
42.8 
43.2 
43.2 

43.5 

44.2 
44.2 

- 

- 
44.2 
44.2 
44.6 

44.6 
46.8 
62.0 

- 

ldV 29.3 9F 2 29.2 

29.6 1 97.8 
12.9 99.2 

33.0 98.3 

33.0 1 98.9 

33.7 1 99.6 
- i -  

33.7 j 99.6 
34.0 1 98.7 

~ s s e d  I e n  

33.0 
37.0 
46.6 
45.4 

47.9 
49.7 
50.2 
50.2 

- 
50.0 
41.2 
46.7 

- 
48.2 
48.4 
48.2 

I 
29.2 
28.6 z:: 
30.0 I 98.9 

29.4 i 98-5 29.1 97.6 
29.9 I 97.1 

30.4 ' 95 7 
30.1 I 96.4 

~ - , -  

30.5 94.9 
28.6 1 99.3 
29.2 j 97.2 

- I -  

29.6 1 95.7 
59.5 ' 96.1 

29.7 I 95.4 

29.6 95.7 

a;rerr: 
E 
31.7 
31.8 
32.3 
32.3 

- - 
- 
- 
- 
- 
- 
32.4' - 
- 
- 
- 
32.8 
32.0 

C o m p  
ressed 

39.6 
46.4 
w. 7 
55.5 

58.3 
58.3 
60.2 
60.6 

- 

- - 
61.6 
61.5 

54.5 
58.8 
60.6 
61.0 

61.0 
69.0 

105.0 

- 

er/ln. 
t W V -  

31.8 
32.3 
32.9 
32.8 

33.0 
33.3 
34.2 
34.2 

- 
34.6 
04.9 

32.8 
3.1.0 
34.7 
34.7 

34.5 
33.5 
32.8 

- 

- 
9 

3ecov- 
ev 

99.6 
9L1.9 
98.0 
98.4 

97.6 
96.8 
94.4 
94.4 

- 
- 
93.2 
92.3 

98.8 
95.1 
93.5 
9.1.5 

93.9 
98.0 
97.6 

XCTE 2: Precision = t.2 layers/inch for c 4 5  
re~overy 4 min. 4 0 . ~ 2  laye.rs/inch 
compression 3 mfn. 

l a y e r s h c h  
= 2.0 Iayers/inch for < 110 
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During boost the conipressiw force on a given insulation layer is 

F = pL G(t)n(y) - P (T,x,y,t)  - - b , Y , t )  pin 
( 4-1) 

where 

2 is the density of the MU, lb /in ,/layer 
pL m 
G (t) is the g-loading 

n w  

P(T,x,y,t) 

r,ct, 

is the number of lnycrs above the layer of interest 

is the interstitial gas pressure, lb/in 
2 

is the environmental pressure, lb/in 

2 

F . (x,y,t) is the separating force resulting from the support and attachment 
pins Pln 

From Eq. 4-1 it is clear that during boost the compressive force will be something 
less than that due to g-loading alone. Therefore 

The g-loading that the insulation will experience varies with time during any given 
mission. Figure 2-1 gives the approximate g-load versus time for a typical reusable 
vehicle. The figure indicates that during boost the g-loading never exceeds 3. It is 
noted that the g-loading is in the axial direction and a s  one deviates toward 90" from 
this direction the g-load decreases. 

Based on the above informztion a worst case analysis is made for a Superfloc insulation 
system on a reusable vehicle mission. 

-5 2 
p I 1.98 x 10 

G 5 3 . 0  

:. F a  5.94 X 10 

lb/in /layer (for 1/P tuft spacing) 
L 

-5 
n(y) psi (4-3) 

-5 
This implies the outermost insulation tuft ees  a compressive load of 94 K 10 psi, 
the tuft's 10th layer down sees 5.94 Y 10 psi while the 90th layer down sees a com- 
pressive load which is less than 5 . 4 ~  psi. 

-8 

It is also noticed from Figure 2-1 that the duration of the 3-g load is leas than 2 minutes 
and the load is only above 2g's for approximately 3 minutes. 

Figure 4-5 (Ref. 4-4) shows how the layer density of Superfloc is effected by a com- 
pressive load. Figure 4-6 gives data which indicates how the effective conductivity of 
D-A-M Superfloc is effected by layer density. The figure shows that the effective con- 
ductivity is not degraded by layer densitjes from 28 to  35 layers per inch and that it 
degrades by less than 10% at a layer density of 41 layerdinch. There is no available 
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SICNlFlES IN A 1 4  
EN\'IROZIME X T  

Figure 4-5. Effect of Compressive Loads on the Layzr Density 
of Superfloc in 3 1-g Environment 

data on the effective conductivity for 
layer densities greater than 46 
layers/inch. However, it is ex- 
pected that some extension of the 
data to  say 50 or 55 layerhnch 
can be made (Ref. 4-4). Com- 
pression test results of Tissuglass 
and Dacron net spaced radiation 
shields reported in reference 4-7 
are  replatted in Figure 4-7. The 
results indicate that below a com- 
pressive load of 2.5 x 10-2 psi, 
Superfloc has the most effective 
spacer (lowest capacitance) of the 
composites tested. 

4.7.1 THERMAL PERFORMANCE 
OF SUPERFLOC UNDER COMPRES- 
SION. Equation 4-2 is modified to 
indicate the compressive loads 
applied to the insutation over the 
1-g force of the earth. 

- 

Fa < P, (G-l)n (4-2M) 

I /  ' i FOR TH p 3 4 U . R  md TC =llO% 

0 DATUM POINT FnOM REFERENCE 4-7 
: I  

' , , - - - PREDSCTED VALUE BASED CN VAltUES GIVEN 
IN REFERENCE 4-3 

I I I ! I I I I 1 
10 20 30 40 

NUMBER GF LAYERS PER INCli 

I 

Figure 4-6. Effect of Compression on the Effective 
Conductivity of D-A-M Superfloc 

4-9 



Figure 4-7. Compression Detection With the Induction 
Coil Technique - CP Data (Ref. 4-7) 

AssumingG 5 3.0: F < 2 p n 
C L 

Using the layer densities for Superfloc, it follows that 

-5 2 

-5 -5 2 

F e 2.88 x n psi for 1 / P  spacing; ( p  = 1.44 X 10 Ib/in /layer) 

F C 3.30 X 10 n psi for 3/8" spacing; ( p  = 1.65 x 10 lb/in /layer) 

C L 

C L 
2 F C 3.96 X n psi for 1/4" spacing; ( p  = 1.98 x lb/in /layer) 

C L 

The above leads to  the compressive loads given in Table 4-4 for values of n up to 
90 layers. 

Once F is computed the layer density is determined from the data reported in Table 
4-3. T%e effective conductivity corresponding to that layer is then determined using 
the results shown in Figure 4-6. This conductivity is then compared to the conductivity 
at the natural layer density. This is then input in Table 4-4 as a Percent Degradation- 
Layer. To determine the total degradation consider each increment of 10 layers as 
possessing a different effective conductivity and that the conductivities a r e  in series 

N 
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Table 4-4. Thermal Degradation of Superfloc Under a Compressive Load of 3 - g ' ~  

I- 
l/.L" sp3cilig 

Density 

29 

31 

33 

l.G 1.2 i :: 
2.0 38 

2.4 40 

2.8 41 

3.2 42 

3.6 43 

3 
--lsi x 10 ,I.aycr/Inch 

0 0.033 29 

0 0.33 32 

0 0.GG 3s 

0 0.99 37 

0.1 1.31 40 

0.5 1.G 45 

1.2 1.98 46 

2.0 2.31 48 

3.G 2.64 49 

4.0 2.97 60 

Fc 
3 

,-I  x 10 ?- 

0.029 

0.29 

o .  Ea 

0.87 

1.2 

1.5 

1.7 

2.0 

2.3 

2.6 

I'c rccn t 

40 

45 

413 

51 

53 D a h  

56 h'ot 

58 Ava:l- 

59 ablc 

-5 -5 
K = 1 . 0 4 X 2 . 8 x 1 0  = 2 . 9 ~ 1 0  Btu/hr-ft"F 

T 

therefore the effective conductivity of 90 layers of Sbperfloc having 1.4" tuft space under 
a compressive load 01 3-gs is only 4.0% higher than if it were in i ts  natural state. The 
results in Table 4-4 indicate that an insulation system with 60 layers of insulation, 
under 3-g compressive load will be degraded approximately 1% and 6% for tuft spacings 
of 1/4" and 3/8" respectively. 

4.7.2 DISCUSSION. Data resented in Table 4-3 indicates that within 5 minutes after 
compressive loads up to 10 
Even for the most severe g-loading and the heaviest Superfloc compressive loads will be 
less than 1 x psi even on the bottom layer of a 90 layer insulation system. When 
the insulation was subjected to cyclic loads, the percent recovery was  still  above 92%, 
even after 100 cycles. Unaer all the conditions test3d and reported in Table 4-3, the 
recovered layer density was between 28 and 35 layers/inch. This implies that all three 
Superfloc configurations recovered such that there is no degradation in the effective 
conductivity when subjected to loads up to 1 x 
boost condition g-loading ends, the Superfloc will recover such that there is no degra- 
dation in the insulation effective conductivity due to  the compressive load. Actually the 
majority of the recovery OCC~WS in the first 15 seconds after the load i s  removed. Since 
the mission of a reusable vehicle lasts for from 7 to 30 days the degrada3ion in thermal 
performance due to g-loading is minimal especially when one considers the effects of 
interstitial gas. The effect of g-loading is reduced In importance by the fact that the 

-$ psi Superfloc returns to  within 97% of its natural density. 

psi. Thus, within 5 minutes after the 
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gas pressure between the layers of 
Superfloc is high enough during 
boost to cause gaseous conduction 106 

to dominate the heat transfer through 
the insulation. Figure 4-8 shows los 
how the emironmental pressure de- 
creases with time for a space 
shuttle mission. 

A comparison of Figures 2-1 and 
4-8 indicates that for  the time 
during which g-loading is signifi- 
cant (approximately the first 500 
seconds from liftoff) the environ- 
mental pressure is always above 
5 x torr. The interstitial 

than the environmental pressure 

0 200 400 600 800 1000 I2200 I400 1600 pressure during boost is higher  TIME FROM LIFTOFF, mc 

102 

io  

I 0 4  

10-5 

especially when outgassing is Figure 4-8. Typical Enviranmental Pressure 
considered. During the Mission of a Reusable 

Vehicle 
Figure 4-9 indicates the importance 
of gaseous conduction and shows that at 5 x 10 -4 t o r r  gaseous conduction increases the 

I I . .  . . 

3 
3 

I? , . , .  -+- L f + .... .a 

IN~ERBTI'IlAL GAS PRBSURE. torr 

Figure 4-9. The Heat Flow Through Superfloc as a Function 
of the Interstitial Gas Pressure 
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heat transfer by 50% over the space environment condition and that the increase 
quickly increases with pressure. 

4.8 CALORIMETER THERMAL PERFORMANCE TESTS 

The thermal conductivity of two (2) Superfloc insulation specimens (3/8 and 1/2 inch 
tuft spacing) was  measured by Arthur D. Little, Inc., Cambridge, Massachusetts. Each 
sample contained 15 layers of Superfloc goldized Kapton. The samples were tested in 
the ADL Model 12 double-guarded, cold-plate calorimeter at a flat plate separation of 
0.5, 0.33, 0.25 and 0.125 inches. 

4.8.1 
apparatus with the Superfloc side of each layer facing upwards (toward the cold-plate). 
An edge-guard radiation shield made from one layer of one-side-aluminized quarter-mil 
Mylar (aluminized side facing outward) was attached between the cold-plate and the hot- 
plate to minimize heat flux into the edges of the insulation package from the surroundings 
at room temperature. The gas pressure within the thermal conductivity apparatus was 
maintained at a pressure less than torr for all measurements. The hot and cold 
plate temperatures were controlled at 80 F and -320F (LN2). The spacing between the 
warm-plate and the cold-plate was adjusted to an initial spacing of 0.5 inch. Heat flux 
per  unit area, q, (Btu/sq R hr) was determined by measuring the rzte of nitrogen boil- 
off from the measuring dewar. When equilibrium boil-off was achieved, the spacing 
was reduced to the next thickness required in the program (0.33") and equilibrium boil- 
off was again established. Equilibrium boil-off was achieved in approximately 12 hours 
for maximum sample spacings and in approximately 6 hours for minimum sample 
spacings. The same procedures were applied to measure the equilibrium heat flux 
through the sample at a flat plate separation of 0.25 and 0.125 inches. 

TEST PROCEDURE. The insulation was placed in the thermal conductivity 

4.8.2 TEST RESULTS. Test results for both samples are summarized in Table 4-5. 
Figure 4-10 represents aplot of the heat flux per unit area as a function of shield density 
along with the theoretical heat flux per unit area for a 15-shield systerr,. For the mini- 
mum shield density measured, the heat flux per  unit area becomes asymptotic to the 
theoretical heat flux per  unit area. The sample with the Superfloc spacing of 1/2" had 
slightly higher heat flux per unit area for all shield densities. A t  the higher shield 
densities when the insulation package is under slight compression, the increase in heat 
flux per unit area may result from adjacent radiation shields touching esch other. A t  
maximum spacing, the 10% difference between the tabular values of the heat flux per 
unit area for the two samples is not considered significant because the measufement 
accuracy is i5% at low boil-off rates. Additional differences in the behavior of the two 
samples might be accounted for by slight differences in the effective emittance 9f the 
two sides of the samples. 

Figure 4-11 is a plot of the apparent thermal conductivity versus the layer density. A s  
a comparisoqk is shown versus layer density as determined by Lockheed in Ref. 4-2. e 
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Table 4-5. Summary of Performance for Superfloc Gddized Kapton 
Md tilayer I98dations 

h0CrlpCh: 

Spmpls Diameter: 11.5 Inches 

Flftaea Kapmn radlatlon ahl0lda wlrh vapor-deposlfed gold an borh sides and 
SuperUoc efts on OM nlch. 

VaCUUlJl: Leea than 10-5 torr 

Cold PlaO T-perParr~: -320'P 

0.277 I 1.93 
0.273 I 1.97 
0.686 3.52 
3.163 1 9.13 

I 

SampleNo. 1 
3/8 in. Tuft 
-lag 

eo. 5 
eo. 5 
78.5 
78.5 

81.0 
tu. 0 
80.0 
P1.0 
79. a 

0.496 
0.320 
0.250 
0.152 

I 0.510 
0.346 
0.347 
0.247 
0.198 

60.0 ' 0.876 
98.7 2.980 

4 59 
9.47 

4.9 SUPERFLOC RADIATION 
SHIE ID FABRICATION 

4.9.1 .IMPROVED, LOW VOLUME 
MANUFACTURING METHODS. A new 
method of fabricating S u h r i ~ o c  was 
investigated. The fabrication equip- 
ment, illustrated in Figure 4-12 
would be designed to deLiver contin- 
uous sheets of Superfloc insulation. 

The film material would be fedacross 
a vacuum printing table. Thevacuum 
feature of the table will eliminate 
taping and tearing of the film. The 
vacuum also will prevent the film 
from being lifted and prevent 
smearing the adhesive when the silk 
screen is raised. Upon the printing 
table is a silk screen that can be 
raised and lowered by one man. The 
silk screen is removable for cleaning 
at the end of the shift. Sliding back- 
and-forth acrosa the silk screen is a 
squeegee that can be 9perated by one 
man and is also mmovable for easy 
cleaning. 

Conduc &v rty 

20.9 
43.3 
43. a 
60.7 

109.0 

SEIELO lX%NSZ"Y, ehlelde/lncb 
Figure 4-10. Heat Flux per Unit Area, 

15 Layers of Superfloc 
Goldized Kapton 
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10 After the side-by-side printing 
operation, the film would pass g 

Over rotating, hexagonal- 
shaped bars. Dacron flock 
would be dropped onto the 
vibrating sheet; vibration 
causes the flock to stand on 
end. A i r  should be blown 
down onto the sheet and to- 
wards the flock dispenser, 
both before flocking and 
after flocking. This would 
prevent premature flocking 
and aid in removing excess 
flock. Nore flock could be 
removed by mounting an 
electro-static eliminator 
such a s  produced by the 
Nuclear Products Division 
of 3M Company of St. Paul, 
Minnesota. 

The flocked sheet is then 
loaded into the storage booth 
by one man operating a flock- 
loader. A t  the present time 
four people are required to  
remove the taped sheets from 
the printing table, flock them 
and hang them in the flock 
booths. This equipment and 
process would allow one 
person to do these operations. 

This process would have the 
advantages of fewer tears, 
better quality, freedom from 

Ffgure 4-11. Thermal Conductivity V e r s u s  Layer Density 

taping operating, a cleaner product, faster production, fewer men and manhours re- 
quired and lower cost. This process would require approximately one-half as many 
manhours as the present method. 

Other companies expressed an interest in fabricating Superfloc. 

1. Mask-Off Company, Monrovia, California This company was interested and had 
patentid capability for printing the adhesive dots on Mylar o r  Kapton film. As now 
conceived, the film would be printed and placed in a roll complete with separator 
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2. 

3. 

ONE-MAN 
SQUEEOEE 

c 

ONE-MAN 
PRINTING TABLE 

/ 
BEATER BARS 

SUCTION 
MOTOR 

FLOC DISPENSER 
ONE-MAN 

'OPERABLE SILK 
SCREEN 

3IAMLlER 

SUPERFMC - 

FWCWC, SUPERPMC LOADING-FOR-STO 
TABLE DEVICE 

Figire 4-12. Superfloc Fabrication by Continuous Sheet Method 

film. After Convair had received the roll, the film would be flocked and stored and 
the separator film would be discarded. This method of production would result in 
high quality Superfloc material, low cost, high production rates and continuous 
sheet capddity. 

Accumeter Laboratory, Inc. : This company produces high pressure adhesive 
applicator equipment which could possibly be used for a high volume, completely 
mechanized producticjn line to place adhesive dots on Mylar or Kapton film. The 
company indicated that approximately 2500 square feet of Superfloc could be 
fabricated per hour, however, the equipment will cost about $25,000. The main 
development required for this process would be a suitable adhesive since generally 
this equipment uses a hot-melt type adhesive. 

Richmond Plastics, San Diego: The Richmond Plastics Co.  can furnish a per- 
forated plastic film which could be stretched tightly across a silk screen frame and 
used in an identical manner to the present silk screen. The cost of the perforated 
plastic film would ,e a minimum order of 1500 ft at a cost of 3. ;600. Although this 
concept would save the cost of cleaning a silk screen the volume required to 
amortize the cost of the plastic film would be quite high. 

2 

4.9.2 PRODUCTION METHOD. Information in the following paragraphs is taken from 
the G. T. Schjeldahl Company of Northfield. Minnesota, Proposal 51623, "Development 
and Fabrication of Machine to produce P;lperflr.c, The information is presented under 
several topics, namely, statement of problem, description of individual equipment 
components, basic equipment specifications, &IC pogram plan. 
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4.9.2.1 - Statement of Problem. The problem is to design and build production equip- 
ment for manufacture of Superfloc material. 

Adhesive Coat-. One of the major problem areas anticipated is the application of the 
adhesive in discrete round or  irregularly shaped dots. Technology for solving this 
problem exists for relatively heavy webs such as paper or cardboard; however, the 
problem is the very light film used for Superfloc. Smearing of the dots results in 
flocking material covering a larger area than desired. This result increases the 
weight of the material and reduces the efficiency of the product. The solution to this 
problem is in web tension control and precise control of the web speed in relation to 
the speed of the coating roll. 

Adhesive Flocking Compatibility. Another anticipated problem is choosing the adhesive 
system that accepts the monofilament fibers and allows them to penetrate the surface 
tension or  skin of the adhesive so they remain erect on the surface of the film. To 
solve this problem Schjeldahl proposes to set up a laboratory model of tha flocking 
machine to  establish the exact adhesive mixture and drying times required. 

Film Handling. Movement of extremely lightweight films from station to station 
through the process is also a problem. The solution to be applied here is a vacuum 
table that affixes itself to the bottom of the web so as not to disturb the tufting. 

The Basic Process Desdption. Here is a brief description of the process steps in 
the manufacture of Superfloc. Figure 4-13 illustrates the flow of material through the 
Superfloc machine. 

1. The vapor deposited Mylar or Kapton will first be unwound with tension control 
from a master mill roll. 

2. The material will then pass through a coater designed to apply a preset amount 
of adhesive in  a given configuration to  one surface of the film. 

The coated film then passes directly into the flocking machine where the staple 
Dacron fibers are  applied. Excess flocking material is removed by a weak 
vacuum as the film exits the flocking machine. At this point, a vacuum blanket 
will be used to transport the film. 

3. 

IRAT E U Y 6 N T  

?u)w OF LUTERlALB 

Figure 4-13. Schjeldahl Slperfloc Production Method 

4-17 



4. The flocked film then passes into ar oven to remove residual solvents 2nd cure 
the adhesive. 

5. An airlaife then cools the film, and vacuum and brush systems remove loose 
fibers. The brush system is used to remove poorly adhered fibers fTom the film 
and from the tufted areas. The vacuum system can return the loose materials to  
the flocking station if  desired. 

Then the film finally passes t o  a tension control rewind ana is ready for shipment. 6, 

4.9.2.2 Descriptif n of Individual Equipimnt Components. The Superfloc machine is 
composed of a film unwind stand, a multimethod coater, a flocking station, 3 vacuum 
blanket, an oven, a cooling and cleaning station, a film rewind stand, and a range drive 
system. T l w e  individual equipment components a re  described in the following paragraphs. 

Unwind S t 4 .  This component is a center-bar-type unwind stand for 18-inch-maximum- 
diameter rolls. It is complete with a whecl-mounted, heavy welded-steel frame, flow 
tracks, ,and adjustable tension control. 

Multimethod Coater. The multimethod coaLer has knife-over-roll coating capability. 
It is a welded-tubular-steel frzme, 10-inch-diameter, Hycar nil>' nr-covered coating 
roll with interchangeable printing assemblies. 

Flocl&g Station. The flocking station is a double, admechanical module complete 
with three rotary-brush feed units, heavy two-ply rubber, stationary beater blanket 
with tensioning arrangements, beater bars, external vacuum cleanoff, and SO-kV/SO- 
mA alternating current power supply complete with high-voltage transmission equipment 
and safety interlock system. 

Vacuum Blanket. The vacuum blanket is mounted on a tubular steel frame and is com- 
plete with a porous blanket, a blanket-tracking system, and a vacuum-motor-blower 
assembly. 

- Oven. The electrically heated radiant oven is capable of maintaining the temperatures 
of the film at 100 to  400F. The oven contains support rollers, slides, and edge-tension- 
ing rollers to hold the film flat and eliminate wrinkles. The length and heating capa- 
bility of the oven a re  to  be determined after laboratory tests and adhesive selection, 

Cooling and Cleaning Station. The cooling and cleaning station consists of an a i r  knife 
plus an open-face-type brush/vacuum unit and an adjustable beater bar. It includes a 
separator and recycle to return acceptable flocking material to the flocking station. 

Film Rewind Stand. The film rewind stand consists of a variable-tension-controlled, 
two-spindle, power rewind designed for six-inch-diamete?. paper cores. This stand 
is to have a rubber-back draw roll to permit minlmum take-up tension on thc rewinu 
mill roll. 
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Range Drive System. This system is a U.S.  Motors Varidyne rmge drive with alterna- 
tor and variable-speed slave motors driving the following components: multimethod 
coater roll, flocking station conveyor, vacuum blanket, oven f’onveyor, brush roller, 
and film rewind system. 

4.9 .2 .3  Basic Equipment Specifications. Specifications for the ‘c equipment a re  
as follows: 

a. 

b. 

Capability to handle film widths up to 60 inches. 

Capability to handle material thicknesses of oriented polyester f i lnls  down to and 
including 0.15 mil. 

Capability to apply solvent-based polyester and/or acrylic emulsion adhesives to a 
specified pattern or  configuration by ch‘anging the  printing roll. Minimum line 
width o r  dot diameter to  be 1/16 inch kvith minimum spacing between lines and 
dots of 1/8 inch. 

Film speed of 10 feet per minute minimum may vary, depending on the adhesives 
used. The quipment will have a maximum speed capability of 50 feet per rrinute, 

The flocking station shall be capable of handling filament lengths ranging f i  
9.020 to  0.10 inch and diameters ranging from 1.5 to 8 denier. 

c. 

d. 

e. \ 

4.9.2.4 
machine in its facility at Noi-thfield, Minnesota. A test run of 500 yards will  be fab- 
ricated after the equipment is de-bugged and this 500-yard test run will be supplied to 
General Dynamics as a qualifying sample. 

Program Plan. Schjeldahl proposed to design and fabricate the Superfloc 

Final System Layout. Based on the result oi iabufatcxry tests, the overall process 
equipment and individual components will be re-evaluated, and a final system layoutwill 
be prepared. Detailed drawings will then be prepared on those items to be built or 
adapted especially to the process. Off-the-shelf equipment will be used where Dossible. 

Equipment Fabrication. Sefore actual ordering of parts and assembly of equipment, 
Schjeldahl advises G design-review conference with General Dynamic3 to reassess the 
objectives of the program and the design parameters of tne end product, Fabrication 
of the equipment will follow concurrence on the objectives and design details, 

Equipment De-Bugging. Equipment will be set up at the Schjeldahl facility in Northfield, 
Minnesota, for de-bugging and running of a 500 yard qualifying sample. Based on the 
results of this run, operating costs will be estimated based on varying quantities and 
submitted with a final report to General Dynamics. 

Budgetary Estimate. 
including a 500-yard demonstration run of Superfloc insulat m material, is $127,000. 
The projected cost for production quantities (defined as more than 30,000 square yards) 
of material produced by Schjeldahl on this machine, using R 0.15-mil aluminized Mylar 
film, is $0.75/sq yd, or $O.O84/sa. ft. 

The budgetary estimate for the proposed Superfloc machine, 
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SECTION 5 

SUPERFLOC iNSTJLATION COMPONENT DEW3 LOPMENT 

5.1 BLANKET ATTACHMENT DESIGN 

The design of fastener components for experimental superiasulation systems wm the 
objective of this effort. To initiate the designs, assumptions we-ae made for areas 
currently unidentified with the intant to make configuration adjuslments when data is 
devel oped. 

Using the recommendations of Reference 3-1, a layout of the basic insul:!tion approacb 
was made €or the 105 inch diameter MSFC test tank; surface areas, seam leq$hs and 
weights estimated; and the primary loads established ueing "G" factors (Section 2) 

A 

L 

I 

CONICAL CAP 

TOBE DETER- 
MINTEE FY 
OPTIMlZ ATION 

c 

coupled with pressure differential 
across the blanket layers. Figures 
5-1 and 5-2 show th0 basic arrange- 
ment, support method, and loads. 
The activities included b?.anket 
attachment design track offs, twin 
pin frsteaer arrzaement, fastener 
c mponent details, blanket core sheet 
tear out analysis, dternate blanket 
attachments, blanket to tank attach- 
ments and nonstructural fasteners. 

5 .  I. 1 BASIC DESIGN DESCRIPTION. 
A typical blanlcet layer installation 
consists of a cylindricd element at 
the mck area, a forward conical 
cap p-ace, nine 40" gore sections and 
an aft spherical cap section (Figure 
5-1). The gores are continuous 
elements spanning between the forward 
and aft caps. Each blanket layer is 
rotated from Lhs adjacent assembl: 
to obtain iongitudinal seam stagger. 

The insulation is supported by a 
series of pins bonded to the tank 
wall and looabd at 45' from the tank 
axis. The pins are interconnected 

Figure 5-1. Insulation Design Parameters/ by an external ring which Iimits the 
105 In, Test Tank pin deflections. Load magnitudes 
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AssumDtions: 

1. Eighteen fasteners at Sta 1, seams spaced 
at 8.4 in. 

Sixteen fasteners per gore seam, 8.8 in. on 
s@ierical an3 14 in. on cyl. region. 

Twenty-seven support pins at Sta 2. 

Density of blanket = 0.000602 Ib/in2. 

Design loads indicated in Section 2. 

2. 

3. 

4. 

5. 

Estimates: 

I+-- GORES 

i 

j 
: 2. 

I 3. 
I 
f 

4. 

5. 

6. 

7. 

8. 

9. 

io. 

Blanket weight aft of Sta. 2 = 21.4 lbs. 

("G" loading acting c?t St&. 2) = (Wt of blanket layer) ("G" factor) = 75.0 Ibs. 

Support pin design load illcluding safety factor = 3.89 lb/pin. 

''G" loading at Sta 1 = Area -. sta Sta 1 

Vent load at sta 1 = AP across Manket x (area) (cos 5.5O/sin 249* = 42.4 15s 

TOM load at Sta 1 = 51.55 or 2.87 Ib/pin. 

Ultimata design load at Sta 1 including safety factor = 4.02 lb/pin. 

Latera! "G" loading at gore seams = 0.5 (BI. Wt) x "GI' = 30.6 1bs. 

Average fastener load at 14 in. spacing = 1.49 Ib. 

Vent load at gores = (AP acrose Blanket) (Blalket radius)/4 acting seams = 
1.89 Ibhastener. 

x Blanket density x ''G" = 9.15 Ib. 

11. Total design Ioad/fastener inclu:,(.8; safety factor = 4.7b Ib. 

* Reference 3-1 

Figure 5-2. Load Estimate 
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and conditions a re  shown in Figure 5-2. 

5 .1 .2  BLANKET AREAS, SEAhl LENGTHS AiqD PENETR.4TIONS. The seam length 
per blanket layer was estimated to be 1650 inches. The number of through penetrations 
for the support pins is 27. 

For ihe 40" gore arrangement per Figure 5-1 and the fastener spacings assumed in 
Figure 5-2, the total number of pnetrat ims for  each blanlret layer due to the twin pin 
fasteners w a s  estimated to be 245. 

5.1.3 LOAD ESTIhIk'. The insulation is subject to accelerations and a pressure 
differentid across the blanket layers. The load estimate shonn in Figure 5-2 considers 
"G" factors directed parallel and 90" to the tank axis. The blanket density and venting 
pressure gradient values stated in Reference 3-1, pgs 5-15 and 5-9, were used. The 
dtimate design values include a 1.4 safety factor. 

5.1.4 BLANKET 10 BLANKET ATTACHI\IENT DESIGN TRADE-OFFS. A superinsula- 
ticn fastener must transfer loads between blankets; provide positive gap control at the 
seams between blankets; maintain the spacing between the insulation layers; and be 
receptive to positive inspections. The fastener must also be replaceable with a 
minimum of effort. Ten fastener methods involving the use of cords, interlayer spot 
bonding, mechanical tapes, adhesive tapes, pins and grommets were  investigated and 
ccmpared to the twin pidgrommet approach developed under Reference 3-1. The cases 
are summarized :md evaluated in Table 5-1. The previously developed trfl in pin 
approach wa3 retained for use in the final design. 

5.1.5 INITIAL TWIN PIN FASTENER ARRANGEMENT. The initial experimental twin 
pin arrangement shown in Figure 5-3 uses two pins n5th heat swaged ends and two 

- 

SWAGED 

connecting liilks. Production 
type designs would reflect the FAG SIICCT7 
two pins and one link molded 
into a single unit as shown in 

I 
A__. - ..==.=$d 
t__-7--- 
.--I- __+ ~ 

C~ Figure 5-4. The pins engagc 
+- aith grommet type fittings -- nrtsrcncc- 
I - ~ L I C ~ ~ T T A R  !I) which, in turn, are attached to 

Ez -i' 
* -  
. -- 

the blanlcet layers and face 
sheet reinforcement tabs. 
Frozen adhesive applied to 
the grommet prior to installa- 
tion,bonds each core sheet and 
the tabs to the grommet. 

5.1.6 TWIN PIN COMPONENT 

initial experimental twin pin 
DETAILS. A 6UIlimaI'j' of the 

Figure 5-3. Initial Experimental Twin Pin fastener components, including 
the grommet and reinforcement 

5 -3 
Fastener Assembly 



Tab1.e 5-1. Blanket to Blanket Fastener Evaluation 

tab fittings, are shown in Figure 3-5. It 
w s  found that the low wall gage in the 
grommet prevenkd uniform material 
distribution during the injection molding 
process. Also  the pin dia shown in Figure 
5-5, coupled with bonding between the 
reinforcement tab and the grommet, 
caused rianufacturing and assembly 
difficulties. The initial designs were 
therefore revised as shown in Figclre 5-6. 

LIP 

2’ DRAFT 
n p  TWO sin= .mo 

5.7.7 CORE SHEET TEAR OUT. The 
scrim reinforced face sheets on a blanket 
assembly react the primary loads, 
however the core sheets are also subject to 
tear out which requires the bonding cf each 
core sheet to the grommet. The core sheet 
load estimate for the new design indicated 
1.291bs (Ref. 3-9, pg 3-43) for  eash :,rimmy 
support pin. Evaluations of new test reeults 
were made at  subsequent activities. 

-<’ . 2 5 O  Ryz$zk 
I 

~ U T S ~ U A L  miyPIw.:.?ccra OXIDE (PWI 

~ U M N C ~ - S  CXCCPT I. Hrnx mtm 
ALL mumsiou isc;:is. 

. xx . . 0 1  . xxd:. 1 1 G  

Figure 5- 4. Molded Twin Pin Fasteners 
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Table 5-2. Insulation to Tank Attachment Evaluation*** 

DESCFUPlION 

- 4 . 4 0  

Rcinforcement Tab 

Wt. = .000225 Ib  

(Cross 
Sectional = .@06 in2 
Arta)  

Grommet 

-TFe. 062L. 002 holes 

- 2 5 0  

Link 

Material: Pdlphenylene Oxide (PPO) 

Tolerances Except Uhere Noted: 
W t  = .OOJ412 lb . .XX t .a30 

.xxx f .010 

Wt. = .0002981b 

W t  = . 0001 10 Ib 

2 (Cross 
Sectional .- . COZ55 in 
Area)  

Figure 5-5. Initial Twin Pin Fastener Summary 
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5 . 1 . 9  BLANKET TO TANK ATTACHMENTS. The loads created by the weight of the 
insulation during acceleration and vibration modes is transmitted to the tank wall using 
fasteners. Seven fastening techniques were investigated and ,we summarized on Table 
5-2. Case 5 ,  which uses pins bonded to tile tank wall, was selected for u s e  in the final 
design. The pins may be loaded as cantilever beams (Case 3 )  or as simple supported 
beams if the outboard ends arc  interconnected with a ring. The ring decreases 
deflections at the blanket support points. 

5.1.9 NONSTRUCTURAL FASTENERS. Ideally the spacing between the multiple 
radiation shields of a superinsulation blanket should remain collskant; ho\vever, this is 
not achieved in practice due to blanket sizes, quality of tooling, the material which 
separates the layers, the magnitude of transient compression during ff ignt, and 
recoverability to the original dimensions. To minimize the affects of the above, density 
control fittings which interconnect the blanket layers may be selectively located on the 
insulation surface. Three concepts (per Figure 3-7) were investigated and evaluated 
per Table 5-3. Case 2 was selected. 

5.2 COAIPOSEN r =LUD BLAXKET ASSEIIBLY TESTING 

The purpose of the structural tests was to verify the component designs of the proposed 
Superfloc blanket insulation system and to ensure their adequacy in withstanding the 
flight environment. The testing was  accomplished at the component and blanket assembly 
level. Table 5-3 outIines the various tests and indicates purpose and justification for 

BUTTOS BOSDE3 TO 
FACE SSEET ( 2 )  

CORE S X E E i 5  
S P A C E S  ;\.:Ts 
NG:D TYPE 
MATERIAL 

FACE SHEET 

~- 

CORD ---- 
CASE 1 

PIN HEAD AND 
BUTTOX B O S D E C  
TO F A C E  Sh'ZE1S 
US:SC F R S Z L S  
ADHESS;VE 

1 CORE S H f E f S  

Pllu BONDED 
TCCORE \-,-. 
SHEETS '.;i;H 
FROZEN .ID%ESIVE - 

-- -- i f 
____o 

each experiment perf ormeG. 

5 . 2 . 1  GROhlhlET/CORE SHEET/ 
ADHESIVE TESTS. The designed 
grommet (Figure 5-5) W P S  attached 
to 30 layers of goldized Kapton core 
sheets 4 ic 6 k. in size. A hole was 
drilled through the core sheets and 
adhesive, Crest 7343 applied to the 
grommet. The grommet and the 
adhesive were then cooled in  a 
refrigerator. After insertion of the 
grommet into the drilled hole at 
ambient temperature, the adhesive 
cured as it, warmed and attached all 
core sheets to the grommet at the 
proper separation distance. 

C M E  ? 

F A C E  C COKE 
-7 - SHEETS :::TEXT 3XCF.D Three specimens W e r e  tested to 
-e--- US;SC L G i 3  C15C 

SPACERS failure at room temperature by pull- 
--- ing the grommet. Specimens No. 1, 

2 and 3 failed at a maximum load of 
Figure 5-7. Nonstructural Fastener Concepta 19.2 lbs ,  17 Ibs,  and 31.8 lbs ,  

-- 
+___ 
--_- 
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respectively. In all three cases the core sheet material failed nnd not the grommet. All 
three specimens met the design requirements of 4 . 7 3  Ibs per  fastener. 

5.2.2 BLANKET SIMULATION FLEX AND STRESS TESTS. The flex and s t ress  tests 
were conducted to evaluate the effects of cyclic s t ress  including optical and tensile prop- 
ert ies in the proposed blanket configuration at ambient and LH2 temperature. Emissivity 
and room temperature tensile strength were measured following the cyclic exposure. 
Condition of the spacers and adhesive bonds were also observed and recorded. The flex 
test specimen was a blanket composedof four layers  of 6 in. x 10 in. double goldized 
Kapton with Dacron fiber spacers and two Pyre hIL face sheets. The ends were reinforced 

to allow fo r  bolt attachments. 
'I able 5-3. Nonstructural Fastener Evaluation 

Rating 0 to 100 ;O Pocr & 100 Bes t )  

For  Rigid-- 

: Co!.ld 5c adapted :o both hut  generally applicable a ;  shown 
* *  Ref 3-9,Pg 3-55  

A 21 l b  lead weight (design 
load) was  att'ached to one end 
cf the specimen, and a rod 
was attached to the other end 
a s  shown in Figure 5-8. This 
assembly was then placed in 
a LH2 cryostat as shown i n  
Figure 5-9. A lever system 
provided mwement of the rod 
between adjustable stops. At 
the position where the weight 
just  touched the bottom of the 
cryostat, one stop was placed 

Table 5-4. Plan for Component and Blanket Assembly Tests  
__7 - . - ~ .  -~ -~ ~ -~ 1 les: I 

, Temp. Intail 
K i n d  vf Test 'F Test J la te r ids  bequire1 l ' i irpxe of Test i'eut Spmimcn ilesults _ _ _ _ - ~ ~ _  ~ .. ~ ~ ~. .~ ___ .~ - 

. .  Grommet; ' 1% T. 
Core Sheet/ I 
Adhesiie Test I 

1 Blanket n. r 
Sunulatlon Flex -420 
6. St;ess Test 

3 .  Hcinforce- R T .  
menf T.ah/Facei 
Shee: Test 

4 .  Fastener- -320 
LinkTest  , 3 T .  

+ 300 
i 
I 

1;. Ranltet - ,300 

,Tes t  -300 
;Joint Tensile R 1. 





to dlow approximately an additional 1 in. downward movement of the rod from this 
position a r4  the other stop was placed to allow an upward movement of . 5  in. from this 
positicn. These positions allowed a I in. flexing action followed by a s t ress  loading 
achieved by lifting the attached weight approximately . 5  in. off the bottom of the cryostat. 

Initially, 200 cycles were run at ambient temperaturns at a rate of approximately 3 to 5 
seconds per cycle. The specimen was  then removed and observed for  damage. The 
apparatus was then reamembled and the cryostat was filled with LH2. Again, 200 cycles 
were run at approximately 5 to 6 seconds per cycle. This slower cycling rate w a s  to 
insure that no dynamic interaction with the LH2 would mcur. The stops for the LH2 
cycling were adjusted after the LH2 fill to insure that internal contractions were prc 
considered in the cIexing action. Also, the buoyancy weight of lead in LH2 was 19s -P, 

1% of the total wt .&, a d  was therefore ignored. Final examination of the specimeh 
reveal small tears (approximately 1/4 to 1/2 in.) at one attachment corner. No other 
damage was observed and no signifi.>ant stretching was  noted either during or after the 
testing. The emissivity was measured before and after the test of ambient temperatxre 
to be .021 and .022, respectively, indicating that no optical damage did occur. 

ply 

5.2.3 REINFORCEMENT TABDACE SHEET TEST. The reinforcement tab and face 
sheet materials were subjected to penetration pullout tests similar to those performed 
for  Contract NAS8-18021 (Ref. 3-1). The test specimen and a typical reinforcement 
tab configuration are shwon in Figure 5-10. 

Two t& reinforced face sheet specimens were tested to failure in tension at ambient 
temperature. Specimen No. 1 failed at 38.6 Ib and Specimen No. 2 failed at 31.7 Ib. 
Both failures were in the face sheet, in the vicinity of the tab. The failure load a t  room 
temperature of both specimsns is clearly above the design load of 4.73 Ib per attachment 

0.093 
HOLE 

SHOWN .4T 
0-DEGREE (SCPIL! 

0.250 
HOLE (3) 

Figure 5-10. Reinforcement Tab/ 
Face Sheet Specimen 

assembly. This test was repeated at a temperature 
of 300F during the Fastener/Link Tensile Test 
(Section 5.2.4). 

5.2.4 FASTENER/LINK TENSZE TESTS. The 
purpose of the fastenerAink teat was to verify the 
design load of 4.73 Ibs (Figure 5-2) per insulation 
rttachment at -320, ambient and 300F. 

5 . 2 , 4 . 1  Preliminary Tests. The initial design 
(Figme 5-5) of the twin pins, grommets, and 
reinforcement tabs calls for molding when final 
productibn begins. This method makes the cost 
per pin, grommet, .or tab relatively small, but the 
initial making of the mold is expensive. Therefore, 
some preliminary tesw were made on twin pins, 
grommets, and reiaforcement tabs that were 
machined to size utilizing PPO flat atock. The 
designed twin-pin fastener was assembled into its 
bicycle-hain-link configuration (Figure 5-11) 
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mperature tensile test w m  

ing the Stiperflw blanket specimen 
shown in Figure 2-15, The test 

LQAI?ISC PLATE 

cqu i p i m  

astened the vibration exciter. The opp9site interhonded etlge \tlis attached to a 
loading bar through 
12 springs which 
were set at n pre 
determined de 
b y  plca,eing a total 
cowlterwci +,t lo 
of 8.5 lbs on the 
The ma,*.nitude of 
counterit ?i#tt  fp 
1 oarl ed con.! it i on) 
determined by 
an OMS (0 -'lit 
Maneuvering System 
tank profile, asses 
n basic insulation 
lay-up similar to th 

clilor!metcr and 
calculating the 
inertia loads consi 
it ; a 3. 5 "g" factor. 

MSFC IOZ-inch 
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0.01 
TEST TITLE: SCPEWNSULATION: 9-1/2 __ 
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Figure 5-22. Power Spectral Density Versus Frequency During 
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FREQUENCY, Hz 

the 300F Vibration Test 
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SECTION 6 

THERMAL ANALYZER PROGR4M MODIFICATION 

The Cmvair thermal analyzer program P4561) (Ref. 6-1) was  modified to pernit an 
analytical evaluation of the heat flow throug;h a multilayer insulation system from ground 
hold thragh boost to a space environment condition. This program is documented in 
Cowair's Computer Library as Computer Program P5431. Program P5431 contains all 
the features of the original Thermal P .dyzer Program plus the ability to predict tk.2 
interstitial gas pressure and the thermal resistant - of this interstitial gas. Test cases 
have been made to demonstrate that this program . -n runuing condition and ready for 
use. Some of the equations used in this program are given in the fo3owing section. A 
listing of the program along with a sample output aad discussion of the equations is given 
in Reference 4-4. 

The equation used in Program P5431 to predict the interstitial gas pressure, the thermal 
conductivity of the interstitial gas and thermal resistance of the gas are given below. 

6 . 1  INTERSI'ITIAL GAS PRESSURE 

The equation for calculating the inters$itial pressure i B  

F = Y l + ( Y 2 x P +  Y3) a2p - + Y 4 [ s ]  ap 2 

at ax2 
1/2 where Y1 = 2 k T C/6; 

and . p = po (T/492)0 (8 is tabuleted in Ref. 4-4) 

Y2 = Y4 = gc a2/( 1 2 ~ ) ;  Y3 = 26/3[(8aT&)/(n M)] 

5 = 5 (T/xu)~O for T e 4 9 2 ~  (6-2) 
0 

Equations 6-2 and 6-3 were derived from test data presented in Reference 4-6. The 
reference indicates that the outgassing rate is highly depadent upon the temperature 
of the insulation. A marked reduction in the outgassing rate was observed when the 
insulation temperature was reduced to values below the freezing point of water. For 
example, the outgassing rate at 472R was approximately 10 percent of that obtained 
with the insulation at room temperature. At  temperatures below 430R the outgassing 
rate was so small that it could not be measured. 

Equations 6-2 and 6-3 were programmed as the way the outgassing rate is affected ' ~ y  
temperature. This is an empirical correlation which can easilp be changed as more 
information on the outgassing rate of the reflective shields is made available. 
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Two gases can be considered. One gas will be the gas that is initially between the layers 
(purge gas) while the other gas is the gas that enters the system (usually water vapor) as 
the total interstitial gas pressure changes. To handle this situation: 

cL=oLp pp +FW Pw)Ip 

M =(M P + M w P w ) J p  
P P  

\here P = P + P,. P 

The initial conditions for the problem are: 

P (x, 0) = environment pressure at time zero 

P, (x,O) = vapor pressure of outgas constituent at the temperature of the gas 

The baundary conditions for the problem are: 

P(L, t) = environment pressure (any specified function of time) 

re Pw(L, t) is computed assuming that at any given time the mole fraction mf of the 
OL-S constituent is a constant. Since mfw = pW/P 

p (0,t) W , since mf, = constant for all ;i - 
mfw - p(o,-* 

Equation 6-1 was solved u s i q  implicit f in i te  notation. 

The equation w a s  used in the analysis to determine the thermal performance of 
Superfloc during ground hold and boost (I’derence 8-3). During this analysis it was 
observed, that the intersti t id gas pressure was approximately equal to the ambient 
pressure above 10-1 torr. This result agrees with the test data reported in Ref. 10-3. 
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6.2 THERMAL CONDUCTIVITY OF GASES 

There are three basic flow regimes of any gas: continuum, transitional, and free- 
molecular. The Knudsen number, N K ~ ,  is used to define these regimes. 

N b  = .707 kT/6 n d2P 

1 =- (9Y - 5) 

where as before €or p and M 

If .01 s NK* c 1.0, use information given in Figure 3-18 of Reference 4-4. If N K ~  2 

1.0, 1-t 

where BK3 is equal to the value that causes equation 6-4 to yield the Same thermal 
conductivity as Figure 3-18 of Rzference 4-4 for N K ~  = 1.0. 

6.3 THERMAL RESJSTANCE OF THE INTERSTITIAL GAS 

Since gas is being evacuated from between the layers, the convective mode of heat 
transfer can be significant in the continuum and part way through the transition regime 
(see Appendix C of Reference 4-4, Volume II). 

If NKn cO.1 and P r  Re 2 100 

I f N ~ < O . l a n d P r R e c  100 

where fl = 1 + 0.0277 Pr  Re 
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where Pr Re  = [ZPMV 6 Cp (3600)l / 6 TK = [3600 PV6 (v + 2)] / TKJ 

2 V = A  Pgc 6 / (8pL) 

= P. (0, t) - P. (L,t) - (P)min 1 1 
where AP = (Pi) max 

In the free molecular and part way through the tramition regime conduction is the 
dominant mode of heat transfer through the interstitial gas. Therefore, if Nr(, 2 . 10 
R = 6/kA. 
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SECTION 7 

PURGE AND REPRESSURIZATION SYSTEM EVALUATION 

Purge and repressurization systems were evaluated 88 follows: 1) analyses were  
performed to predict the concentration of a purge gas in an insulation system, 2) helium 
concentration tests were conducted to verify the analyses and 3) purge components were 
studied which are suitable for hardware development. 

7.1 HELIUM PURGING ANALYSES 

The analyses included the development of comentration gradient equations as a function 
of time and location, a study inv Jlving the diffusion coefficient and an analysis to deter- 
mine the venting characteristics of Superfloc on the, 105 inch MSFC calorimeter. 

7.1.1 CONCENTRATION GRADIENT EQUATION. The basic equations for predicting 
the concentration gradient were  developed in Section 3 of Reference 7-1. 

For dilute mlaons, pA/p << 1, and for mixtures of two fluids with similar densities 
PA,/PB, m 1, where P = PA + p g  

ac* 2 - +div (C* V) ‘DAB V C* a t  

For mix+ures with P ~ / P B ~  significantly different than 1 

(7-1) 

where PA, > P B ~ .  Now C* is not the usual definition of coxcentration. Usually C&A 3 

mA!m (mass concentration) or CVA =, VA/V (volumetric concentration) is used, where 
m = mA + mg and V = VA + V,. It can be shown in Reference 7-2 thal 

(7-4) 

(7-5) 

(7-6) 



and 

(7-9) Comparing 7-4 and 7-8 yields CVA = C*. 

The above results yield the following equations for one dimensional flow for mixtures of 
gams with a density ratio significantly different from 1. 

Flow in x direction 

a CVA aCVA - + u- 
a t  3x 

where = (PA, - PBo) > 0 .  

Flow in radial direction 

(7-10) 

(7-11) 

Equations 7-10 and 7-11 were programmed in the computer program "CABRON" (Appendix 
A). While the equations were programmed using implicit finite differencing and are there- 
fore unconditionally stable, oscillation can still occur in the reeults. These oscillations 
occur when the quantity A = DAB PB /Q' is sufficiently small with respect to the velocity 
of the purge gas u. By experience, yhese oscillations will occur if u/A 100 when the 
concentration of the node approaches zero concentration of air. 

7.1.2 WFFUSION COEFFICIENT. To comdete the analytical dixussion involves 
determining the diffusion coefficient DAB. This is 7. complex task which does not h w e  a 
simple sdu!ioc except for the case of raolecular diffusion. Equations 7-12 and 7-13 give 
a simprified equation for molecular d ihe ion  (from Reference 7-3). 

Self Diffusion D = 1.242 p/p (7-12) 

(7-13) 

where m = molecular mass, Ib,/moIecde = MA. 

A 

v = N / p l l  
7 -2 

(7-14) 

(7-15) 



Assuming ideal gas p P M h T  yields 

A 

Assuming P1 = P2 and T1 = T2 and substituting for gc, K, N, and k in  engineering units 
yields 

1/2 + (M /M )1/2 
(7-17) 

2 1  3/2 (Ml/M2) 

P 
-22 T 

2 1/2 D12 =2.72 X 10 - 
2 S12 (M1 + M2) 

Table 7-1 gives the values of M and d for selected gases. 

Table 7-1. Values of Molecular Weights and 
Diameters of selected Gases 

Based on the value of D12 for helium 
and air at 77F and an atmospheric 

fg/sec. This is compared with 
reference values in Table 7-2. Hydrogen 2.0 9.5 

Based on this information it is Helium 4.0 8.5 

extimated that the molecular Nitrogen 28.0 12.0 

diffusion coefficient for Helium- A i r  28.9 11.6 

oxsgen L7.0 11.3 air equats 5 x 10-4 W s e c .  
Water  Vapor 18.0 11.0 
Carbon Dioxide 44.0 13.1 

diffusion coefficient between two gases, will depend on the flow rate, the innuewe of 
gravity, a8 wen aa the molecular diffwion coefficient. 

GaS M d (Ref. 7-4) ft X 10-10 pmSSW8 Of 2217 PSf is 4 x lo4 

It is expected that the actual binary 

+ D  
= Dmolecular eddy * Dgrmity 

(7-18) 

where Dmoledar  is a fumtion of the parameter given in ('7-17). 

%ddy is a fumtion of the 3ey number, and roughness of th surface. This 
term becomes imreasingly important with Rey number. 

Dpavity is a function of gravity. The flus sign indicates the ligher gas enters 
the duct from the bottam. 

Table 7-2. Binary Diffusion Coefficient of Selected Gases 
D12 @ 77F (Ref.7-5) D12877F @ef. 7-6) D12 8 77F (Eq 7-17) 

- Gases ft2Ieec ft2/s, ft2/sec 

H elium -Air 7.4 x '10-4 4.0 x 10-4 

C*-Xir 1.77 x 10-4 1.7 x 10-4 1.22 x 1 0 4  
€$-Air 4.44 x 10-4 7.4 x 10-4 

02-Air 2.22 x 10-4 2.22 x 10-4 1.57 X lo4  
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For the cases being tested (see Section 7.2.1) with 100 volumes per hour (u = 0.222 
ft/secj at atmospheric conditions 

Itey=-=1.36 UDHP X 10 3 DH 
P 

where DH = hydraulic diamcter. For pipe: DEI = inside diameter = 0.93/12, Rey = 105. 
For MLI (at 30 layers/inch): DH = 2 X layer separation. 
7.56. 

= 5.56 x f t ,  Rey = 

For both cases the Reynolds number indicates laminar flow (Rey > 2000 for turbulent 
flow). Therefore Deddy can possibly be neglected. Since the flow is in the horizontal 
direction this effect could be significant. 

7.1.3 a G E  GAS CONCENTRATION IN A 105-INCH TANK MLI. 
A conservative estimate of the effectiveness of a purge bag on the 105 inch tank is 
indicated in "igure 7-1 assuming only molecular diffusion. The estimate is conservative 
s h e  it assumes the blanket has a uniform width of 32 inches, has no leakage through the 
insulation shields, and has a length which is long relative to its width. For the 105 inch 
diameter tank using 40" gore sections the maximum gore width will be approximately 36 
inches. Based on this analysis it is estimated that the MLI system on the 105 inch dia 
tank could be purged to 5% air in approximately 2 hows and 20 minutes. 

7.1.4 VENTING CHARACTERISTICS OF SUPERFLOC ON THE 105 INCH TANK. A 
preliminary study of the venting characteristics of Superfloc on the 105 inch tank was 
performed. The analytical model is represented by Figure7-2. 

The model consists of a one dimensional channel formed by two flat parallel plates 
representing the space between the Superfloc Sheets. The channel has a no-flow line of 

symmetry at  one end 
and thus models one 
half of a Superfloc gore. 
Flow passage8 in the 
insulation blanket 
seams are ignored 
and the venting gas is 
assumed to vent 
directly from the 
typical channel into 
the purge bag. 
Pressure drop along 
the length of the purge 
bag is ignored. 
Itssistance to flow 'At 

,Bnof the bag is modeled 

sharp edge circular 
orifice with an area 

TIME, m h u m  with an equivalent 
Figure 7-1. Volume Concentration in a Blanket 32 Inches Wide 

Being Purged Only by Molecular Diffusion 
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D U R ~  EM equal to the purge bag valve dis- 
charge area. There are thus two 
flow resistances: between the 
insulation sheets and in the dis- 
charge orifice. 

From Reference 4-4, the non- 
linear partial differential equation 
describing pressures from gas 
flow in a one dimensional channel 
was obtained. This equation, 

-+ ooUT -Qm 

BPACE BETWEEN 
SUPERPLOC W E T S  

Figure 7-2. Analytical Model for Superfloc Venting 

listed below, is valid for the continuum (viscous) and free molecular flow regimes. It 
contains an empirical transition which smoothly leads from one regime to the other, thus 
providing an eetimate for the flow characteristics in the transition and slip-flow regimes. 
The equation is 

a2p 

a t  ax2 
c- "-A + (B + C P ) ( g r  +D - (7-19) 

where P = pressure, t = time, X = distance along batten in the flow direction and A,  B, 
C are constants given in the nomenclature. 

An equation was derived for bag pressure changes from the non-steady energy equation. 
With flow in and flow out in pressure-volume unite and no heat transfer the equation is 

(7 -20) 

where Y = the ratio of specific heats, V = voIume, Qin = flow into the bag, and Qout = 
flow out of the bag. 

Flow of gas, in pressure-volume unib, through an orifice is given by 

Qviecous = c, A /vi (7-21) 

(7-22) 

where 5 mdC, are numericd constants, A = flow area, and Pb = pressuro in the bag. 

- Po non-choled flow 
AP = ('b 

0.5133 Pb choked flow 

where Po = pressure a u t ~ d e  bag 

The cowtante Cm and Cv contain factors for unit conversion and 0.G as the flow 
diecharge coefficient. 

To compute transition and dip-flow through the orifice a linetir intorpolation is 
performed on the Knudsen number within the range 0.01 Kn 1.0, i .  e. at Kn = 1 0, 
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and at Kn = 0.01, Q = Q so that at intermediate vrrlues of Kn the h o a r  
= Qmo\,c. vis -. 

interpola ion gives a Q which is weighteabetween Qmolec, and Qasc. the K n u k ~  
number. Pressures in the channel and purge bag are computed by successive integrations 
of Equations 7-19 and 7-20. Equation 7-i9 is integrated by using an implicit forward 
time-difference centered space difference technique. The equation changes from hyper- 
bolic to parabolic as the pressure drops and the difference scheme is stable for both types. 

The computer code used for the above computations is CARBON, a versatile multipurpose, 
general code which integrates time-dependent, first order (in time) partial differential 
equations in one space dimension (see Appendix A) 

(7-23) 

Integration of the bag pressure equation is accomplished by Euler'ti method with the 
resulting new value of p), to be used 3.8 the next boundary condition in the CARBON code. 
The program €or integrating Equation 7-20 NU written especidly for this study and was 
coupled to CARBON as a subroutine. 

At  first the method used to compute Qi, w a s  to sense the derivative a p h x  at the exit of 
the channel, giving the driving force for mms flux into the bag. This method failed 
however because the channel presmres oscillated each time step. A better way for 
evaluating Qi, was found to be an integration of p over the entire space grid of the channel. 
The pressures are integrated with the trapezoidal rule and differences in these sums from 
one firne step to the next indicate the mass flux into the bw. 
A "trajectory" of pressure (Po) vs time for the environment is programmed in table 
form and is shown in Figure 7-3. For computation of Qout the value of Po is found by 
linear interpolation in the table for the current time. Several cases were run to develop 
parametric data. For each case, the initial condition was helium at 1 atmosphere and 
the outgassing rate was constant at 0.01 micron cc cm'2 sec'l. The results show that 
for the normal 30 layers per inch spacing, a vent valve with an equivalent orifice diameter 
as small as 1.0 cm will allow the insulation to be pumped down to 1 X 

micron) in less than one hour. However, with a spacing of 60 layers per inch, and the 
above outgaseing rate, the insulation pressure remains constant at 0.18 microns and ie 
completely independent of valve size. A further requirement is that the pressure dilfer- 
ence across the bag not exceed 0.5 psi at any time. A computer analysis based on vari- 
able outgassing rates (Ref. 4-6 test data) was conducted for the 105 inch tank MU sys- 
tem design (section 9), utilizing one md  two inch din. vent openings and 30 layers pet 
inch MLI density. 355 seconds were required to evacuate the purge gpses to  1 )r: 10- 
to r r  for the one inch diameter vent opening md 290 seconds for the two inch opening. 

torr  (0.1 

7.2 HELIUM PURGING TESTS 

Molecular diffusion tests were conducted with helium gas to verify the analysis pre- 
sented in Section 7.1.1. Helium concentration data were taken as  a function of time 
and location utilizing a tube an i  fizt panel test apparatus. 
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po , ENMRONAIEWAL PRESSURE 

.01 

T l W ,  BCC 

Figure 7-3, Venting d Superfloc on 
the :C5 Inch Tank 

7.2.1 TUBE DIFFUSlON TEST. Tae objective 
of the tube test was to obtain good basic helium 
diffusio9 data which eliminate the effects of 
uneven flo*.v distribution caused by ~e presence 
of insulation layers. 

The eight foot tube was made of stainless steel 
and had a 1 in. OD and 0.035 in. thick wall .  
The outflow end of the tube was open to ambient 
air. The helium flow rate w a s  controlled at 100 
volumeshow; (0.222 ft/mc) and PO volumes/hour 
(0.022 ft/sec). The concentration was determined 
by the hot film anemometer method GeecriSed 
in Section 7.2.?. 1. The test results are 
compared with the analytical prediction in 
Figures 7-4 and 7-5. For all caws, Uie piston 
effect (no diffusion) is one extreme. It is 
expected that because of diffusion that it will 
take lesa time to reach 99% air by volume at a 
given distance along the pipe than is indicated 
by the piston effect curve. Also because of 
diffusion it will take longer to reduce the volume 
concentration of air to 5% at a given distance 
dorig the pipe, t h m  is indicated by the piston 
effect curve. The expected results are verified 
by the data except for the 5% case with a 100 
volume/hour flow rate. This is believed to 
result from the estimated 30 experimental 
uncertainty of +2 seconds. ThiR uncertainty is 
probably due to a time lag between recorder and 
the temr. Since 2 seconds is significant for  L\e 
100 volume per hour case it is expected that thc 
best results were obtained for  the 10 volume/ 
hour case. In general, the data obtained from 

the test are in close agreement with the anaIysi8. 

7.2.2 -- INSULATION PANEL DIFFUSION TEST. A series of helium purge testr; were 
conducted to study the helium/air concantratlcn as a function of time and location when 
flowing through an insulation blanket. The results of these tests are important for an 
actual purge Byatern design. 

-. 2.2.1 Teat Apparatus and Instrumentation. A achematic of the test apparatub i 3  
preeented in Figure 7-6. The schematic shows the 8 ft long, 20 in. wide and 3/4 in. 
high plextg3ass purge panel (simdating 8 purge bag for 22 layer& of Superfloc) and the 
hdium injection and honeycomb distribution system. The schematic also identifieR me 
test posittons. Teat pasiL'ms along the longitudinal axis are numbered 0, 1, 2 and 3. 
Eaoh longitudinal test position has three instrumentation points, hole 3 ,  2 a i d  3, in the 
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300 

200 

100 

0 

DISTANCE ALONG PIPE. R 

DATA FOH 10 \’UL/’HR 
USING 99 SEC RUI’OSSE 
Tim: s* BY \OLLNE 
OF AIR 

13.5 SEC RESPO.SE 
TINE: 99; BS VOLCYE 
OF AIR 

NUTE: P.AR.%NETE:H “A” 
FOR TllE “PLSTON LFFECT” 
CURVE IS ZERO. 3lSCE 
FOR MIS CASE 11lE 
DIFFLSIU. CCEFFICIEST 
‘ 0  

Figure 7-4. Comparison of 
Analysis and Data for 10 
Volume per Hour Flow 
Rate (Tube Test) 

vertical directim. S, m and FS are test positions 8cr06S the panel indicating test 
points on the side, middle and far side of the pad. As an example, position 1-2-m ie  
a test position at 2 f t  from the helium entrance, at vertical test hole No. 2, in the middle 
of the panel. The instrumentation shown in Figure 7-7 is used to measure and record 
composition af the purge gas in the container as the gas changes the environment from 
100% air to 1@3% GHe. The primary sensor is a Thermo System Inc. Model 1352-AA1 
hot film anemometer. The measured flow is proportional to the power required to 
maintain the hot film at a constant temperature under varying flow conditions. Utilizing 
the differences in the thermal conductivity of air versus helium, the sensor is used to 
distinguish between concentration of air and hdium of a sample going through the 
instrument. The instrument cutput i e  continuously recorded on a LSanborn d r i p  chart 
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STATE 
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FOn TllE "LISTON EFFECT" 
tun\= IS ZERO. SINCE FOR 
TInS C:\S& TllE MrYLalON 
COEFFICIENT = 0 

Figure 7-5. Comparison of 
Analysis and Pata for  100 
Volume per Hour Flow 
Rate (Tube Test) 

recorder to provide a record of time versus percent concentration of helium. The 
helium test apparatus and dietribution system a r e  shown in Figure 7-8 and 7-9. 
reepectively. 

7.2.2.2 Test Procedures and Results. Two b e t s  were conducted without insulation, 
with the panel in horizontal position at flow rates of l 0 m d  100 volume changes per 
hour. Twenty-two layers of Superfloc at natural layer density were added in Test Nc. 
3, 4 and 5. One insulation purge test with 22 layera of Superfloc was performed with the 
purge panel in vertical position. The tests and test results are identified as follows: 

1. Horizontal He Purge Test - No Insulation - 10 VolumeshIour - Table B-1, App. B. 

7-9 



TEST POSITION ON LONGITUDINAL AXlS 
3m. 
DIA 14- 2 FT-1-2 FT-1- WT-iC- 2 F T  

1 2 

1; .I 314 IN. 
INSTRUhE NTATION BOLTS 

HOT5 NO. 1 

HOLE NO. 3 
-HOLE NO. 2 

GASKET 

NEYCOMB F L O W  STRAIGHTENER 

- m  GHe PURGE INJECTION TUBE 

GI-ieFLOW d 
16 IN. 

,- 
THERM0 SYSTEMS, Inc. 

Figure 7-6. Modified Helium Purge Test Apparatus 

r 

SANBOFW RECORDER 
MODEL 158-100B 

CONSTANT TEMP. ANEMOMETER - 
POWER SUPPLY MODEL 1051-1 

P U M P  MODEL 1352-AA1 

FLUKE DIGITAL - 

TEFLON TUBING 
5.5 FT LONG 

Figure 7-7. Diagram of Measuring Equipment 
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2. 

3. 

4. 

5. 

6. 

Horizontal He Purge Test - N o  Insulation - 100 JolumeshIour - Table B-2, 
Appendix B. 

Horizontal He Purge Test - 22 Layers Superfloc - 10 Volumes/Hour - Figure 7-10 - 
Table B-3, Appendix B. 

Horizontal He Purge Test - 22 Layers Superfloc - 100 Volumes/Hour - Figure 
7-11 - Table B-4, Appendix B (Probe Position 0 and 1). 

Horizontal He Purge Test - 22 Layers Superfloc - 100 Volumeshour - Figure 7-12 - 
Table B-5, Appendix B (Probe Position 2 and 3). 

Vertical He Purge Test - 22 Layers Superfloc - 100 VdumesfHour - Figure 7-13 - 
Table B-6, Appendix B. 

The objective of Tests 1 and 2 was to calibrate the instrumentation and to generate data 
which can be used to verify the helium purging analysis. These tests were conducted 
without insulation because the analytical techniques of Section 7 . 1  do not consider 
restricted flow. Tables B-l and B-2 of Appendix B present the data points at 10 and 100 
volumes per hour purge rates, respectively. Predicted gas concentration gradients have 
been compared with these test results in Ref. 8-1, Figure 13. Excellent agreement is 
shown in the Aove document with the 100 volumes per hour purge rates. The predicted 
values, however, do not agree with the 10 volumehour test data. The discrepancy is 
probably due to the difficulty in obtaining accurate test data at such a low flow rate 
which introduces eddy diffusion and flow circulation within the test panel. 

Figure 7-10 is a plot of the "10 volumes per hour" purge test data presented in Table 2 - 3  
( s w  Test 3 above). Only cenkrline data of positions 1, 2 and 3 were used. It appears 
that the velocity of the helium flowing in tbe upper layers is higher than in the lower 
layers. Five percent air concentration was attained in approximately 30 minutes in the 
entire blanket. 

Figure 7-11 presents a graph of horizontal purge test data (positions 0 and 1, Table 
B-4) at 100 volumes per hour purge rates through 22 layers of Superfloc shields. The 
teet data inclitde test points of different runs (runs a and b) at the same location. A 
typical scattering of tha test points can be observed for this flow rate. This scattering 
could be caused by irregular helium tunneling through the variocs irwulation layers. 
Five percent air concentration was attained in approximately 110 seconds at position 1. 
Figure 7-12 is a plot of data of the 100 volumes per hour purge rates at positions 2 and 3 
(Table B-5). It took approximately 170 seconds to achieve 5% air concentration at 
these locations. 

Correlation between predictions and teet data with 22 layers of Superfloc was also 
conducted in Reference 8-1. It was found that the analytical techniques predicted a 
much more rapid purging than w a ~  observed during testing. This result was expected 
because of the flow restriction imparted by the M U  layers. 
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(8) BUTTERFLY 
VENT VALVE 

(7) OVERBOARD 
VEPUT, ADJUSTABLE 

PURGE BAG 

PRESS. D F F .  

(6) PRESSUIXI~ SENSIN3 
T RA NSDU CE R REGULATING 

VALVE 

FITTING I- DISTRIBUTION MANIFOW 

1. PURGE 5 UBlNG SIZE : 0.50 IN .  0. D .  
2. ORIFICE VENT TUBING SIZE: 1.25 IN. O.D. 
3 .  VENT DUCT SIZE. 2 . 0  IN. O.D. 

Figure 7-15. Typical Purge System Schematic 

Table 7-3. Helium Purge Syetem Parts List 

Item 

1 

2 

- 

3 

Nomenclature C& 

Prers. Regulating Valve 1 

Relid valor 1 

Soleodd Valve - Normally 1 
a. 
Cllflce - .I96 &a. 1 

Ruttarnp valor - 2". 1 
Motor Operated 

GDC Part Number 

Similar to 5568103-4 

To be determined 

65-08108-6 

h i l a r  to 65-80202 

27-85144-1 

TO be determined 

Slrnflar to 56-80126-19 

To be detrrmied 

Manufacturer Vendor Part No. W a l t  Wt Lb 

HTL Induntries 146650-MM 2.50 

Jamee. Pond and D5520A-8D-68 0.06 
Clark. Lnc. 

FuturecraR Cow. 207144 0.80 

Convuir - 0.02 

arader MS28889 0.04 

Kietler hntm. Corp. Series 311 0.60 

Convuir - 0.20 

Peacock Engrg Co. To be determlnsd 3.0 
or Garrett AIR. Cow. 
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gas exits through the overboard variable orifice (0.778 dia, Item 7) which has been 
preset to maintain a bag pressure of 0.5 psi maximum above ambient pressure at 
ambient conditions. 

2. During tanking purge flow remains constant a t  1.25 SCFS. A s  purge gas is chilled, 
bag pressure decreases until purge gas temperature stabilizes. 

3. At lift-off a signal is sent to  close solenoid valve (Item 3) and open the 3 in. butter- 
fly vent vdve  (Item 8). During ascent the gas inside the purge bag will escape 
through the overboard vent duct. These conditions remain unchanged until reentry. 

4. Upon reentry the eystem is automatically controlled and butterfly vent valve is 
closed. The AP pressure transducer (Item 6) will sense the AP across the purge 
bag. If AP is less than 0.1 psi ,  the output of the transducer will trigger a relay 
which sends a 28 VDC signal to energize solenoid valve (Item 3) to o p c ~ .  This 
allows GHe to  be supplied to the purge bag. When a purge bng AP of 0 . 5  psi is 
reached the transducer will close the solenoid valve. A s  the  gas in the purge bag 
escapes through the adjustable overboard vent (Item i'), purge bag pressure will 
decrease until the solenoid valve is again energized. Several brief purge cycles 
will occur during descent to an altitude of 25,000 ft.  Assuming the vehicle will 
level out at this altitude and execute a slow descent to touchdown, the 1.25 SCFM 
flow rate bhould be adequate to fill the purge bag to ground level pressures. The 
estimated flow time required to f i l l  an approximate 50 cu ft  gas volume would be 
240 seconds. If less time is required, then the purge flow rate must be increased. 

5 .  After landing, a 3,000 psig helium ground supply could be connected to supply 
purge gas during de-tanking until LHz tank temperatures are high enough to 
discontinue purging. 

6. During standby operation a low flow GN2 source would be connected at the standby 
purge fitting (Item 5 ) .  This purge gas would maintain a dry atmosphere inside the 
purge bag until the next flight readiness. 

7.3.3 PURGE SYSTEM COMPONENTS. 'Table 7-3 presents the details and availability 
of the components required for the purge system. 

HeIium Supply. A 200 to 3360 psig gaseous helium supply to the pressure regulating 
valve is required as follows: 

a. F o r  system qualification testing a facility of 3000 psig GHe supply would be used. 

b. For a launch vehicle, prior to launch, the system i8 supplied from a ground 
supply source through a self -sealing ground to airborne cli sconnect. 

c.  F o r  vehicle descent, the system would be supplied from the main vehicle 
helium storage bottles until after landing. 
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Pressure Regulating (Itcm 1). The Centaur engine controls regulator, part no. 55- 
08103-4 could be modifisd to provide a 51 psig outlet pressure at a .014 lb/sec flow rate. 
This type regulator is available from HTL Industries, Im., Pasadena, California under 
a series part no. 146650. 

The regulator is provided in order to limit the inlet orifice (Item 4) pressure, thereby 
assuring low pressure at the distribution manifold. 

For  evaluatioa tsu"ng, an adjustable regulator would provide flexibility in establishing 
purge flow rates. Grove Valve and Regulator Co. produces a complete series of hand- 
loaders suitable for this 'mrpose. 

Relief Valve (Item 2). A relief valve is provided downstream cf the regulator to prevent 
overpressurization of the purge bag in the event of a regulator failure. A simple spring 
loaded poppet valve is available from James Pond and Clark, Anaheim, California. 

Solenoid Valve (Item 3) .  The solenoid valve provides on-off control of the purge supply. 
A suitable valve for this application is the Centaur propellant tank pressurization valve 
55-08108-5, due to its high flow capacity. 

Inlet Orifice (Item 4). The inlet orifice is a fixed in-line sharp edge oritice. This 
orifice is sized for critical flow to assure that the desired flow and pressure is supplied 
to the distribution manifold when the solenoid valve is cycled on. 

Standby Purge Fitting (Item 51. It is available as GDAC part no. 27-85144-1. 

AP Pressure Transducer (ItemA. The transducer will sense the AP across the purge 
bag and provide output to a control circuit that will energize o r  de-energize the solenoid 
valve. The transducer and control circuit will close the solenoid valve if bag AP becomes 
less than 0.1 psid. The circuit is deactivated during flight until vehicle is prepared for 
descent. One suitable tramducer for this application is the series 311 AP transducer 
manufactured by Kistler Instrument Corp. 

Overboard Vent (Item 7). This is an adjustable orifice. It would be setup during system 
validation such that bag AP would be eet at 0.5 psid maximum while purge system is on. 
Became of leakage from other parte of the system, the variable orifice is required to  
compensate for these losses when setting up the desired bag AP. The orifice will be 
designed to  prevant complete closure as this would result in inadvertent rupture of the bag. 

Butterfly Vent Valve (Item 8). This valve is a motor operated butterfly valve to be 
designed fo r  a 2 in. duct size. This valve is rsquired to provide sufficient flow area to 
permit the gas inside the purge bag to escape during wcent. The valve is actuated 
open at liftoff and is closed prior to descent. Due to the unique requiremente of this 
valve, i.e., low pressure, cryogenic temperature, gaseous helium, lightweight, the 
potential sources for  this valve must be consulted and a dosign generated for this 
application. Suggested sources are Peacock Engineering Co., Inc., Norwalk, California, 
or Garrett Corp.,  AiResearch, Los Angeles, California. 
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SECTION 8 

105-INCH MSFC CALORIMETER INSULATION AND 
PURGE/REPRESSURIZATION SYSTEM EVALUATION AND SELECTION 

Superinsulated thermal protection systems can basically take the form of a vacuum 
envelope, inert gas puAdng, or  a sealed substrate on the tank eurfaceo with no purge. 
The objective of this phase of the study waa to identify and evaluate several systems. 
Following the system schematics, design layouts were made describing the pertinent 
features of each system. Three additional alternate designs were created using some of 
the arrangements from the original nine designs coupled with external purge bags. The 
above activities were summarized on evaluation charts. The effort was  concluded by 
rating each system and recommending one €or the final design. 

8.1 SYSTEM DEFINITION 

The purge medium must displace the gases initially trapped within the insulation blankets 
for effective insulation conditioning. This can be accomplished by two basic methods: 
(1)  purge gas injection to displace the trapped gas by a forced flow c?r (2) the gradual 
replacement of the trapped gas by a saturation or dilution process. Circuit schematics 
were created for the following systems using th.j above principles. 

8.1.1 FAIRING SYSTEM. Figure 8-1 circuit assu11188 tha+ the tank is enveloped with a 
fairing which creates an annulus chamber with respect to  the tank wall. Purge pins 
(Figure 8-2) are mounted in the fairing and gas is injected into the annulus which causes 
flow through slots in the pins and into the superinsulated layers. Purge zones were 
selected as shown in Figure 8-1. 

8.1.2 MANIFOLD SYSTEM. The 
schematic shown in Figure 8-3 
interconnecta the purge points 
determined in Figure 8-1 with a 
tubing system consisting of one 
ring manifold at the girth area, 
two ring manifolds at the forward 
and aft ends (equipped with feeder 
bramhee to the cap sections) and 
one high pressure gas supply tube. 
A typical flow path therefore 
initiates frclm the high pressure 
feed tube, through the orifices to 
the low pressure manifolds and 
finally through the purge pins 

PINI 

Tigure 8-1. Fairing System Schematic 
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which eject the gaaes between the insulation layers. The Figure 8-3 arraqpment can 
be located iaboard or outboard of the insulatiQo lay-ups. 

8.1.3 INTERNAL BAG SYSTEM. A system using a perforated b~, located under a porow 
insulation lay-up is outlined in Figure 8-4. The insulation blankets are applied in gore 
sections and the scams sealed with tape at the outboard face sheets to prevent bypasshg 
the gas at the gore lines. A typical flow path starts with the Injection of gas between the 
bag and the tank wall which creates a pressure differential acm88 the bag wall. Purging 
18 accompliehed by the gas &&sing through the bag and the insulation layers. Venting 
during flight depends upon the perforated layers only. 

8.1.4 EXTERNAL BAG SYSTEM. A prge saturation n e w  is shown in Figure 8-5 
which encapsulates tha insulation Iayup in  a bag. Gas is f e d  into the beg a d  contained 
between the bag and the tank wall. 
The purge medium mixes with the c 

insulationlayers by a molecular ,T -* 

entrapped gases between the 

''A I 
action. Mixed gas of varying 
purge medium colrcentrations 
are forced aut of the bag exit 
until an acceptable quality is 
achiaJed. Venting during flight 
is accomplished through the 
ports in the bag. 

8.1.5 VACUUM ENVE IDPES. 
Pwge systems can be eliminated 
by enveloping the insulation with 
a vacuum using rigid shells with 
a compressible superinsulation 
lay-up or flexible shells which 
are supported by an insulation 
capable of supporting compes- 
sive loads. Vacuum envelope 
d e e i g s  are presented for 
comparison With &her systems. 

8.2 DESIGN LAYOUTS 

Nine preliminary fiesie;n layouts 
were made covering internal 
fairing syBteme, exterd and 
internal manifolds, inbornsrl mcl 
external Sage, and rigid and 
flexible areas only. Them 
pre1hina;y layouts are 
presentedinRef. 8-4. Each 

G GORE SECTIONS. S U M S  TAPED. 

Figure 8-4. Internal Purge Bag System Schematic 

BUIo(Ef  EECllONS Y A Y  E , PERMRATED ro AID EFFICIENCY 

Figure 8-5. External Purge Rag §yetem Schematic 
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drawing shows the general arrangement and details of pertinent areas only. The purpose 
of these layouts was to provide a basis for weight estimates, feasibility, purge and 
thermal efficiency and fabricability. Airborne support system weights such as gas 
storage and distribution circuits were included. 

The nine design layouts are briefly described in  the following sec!*om. 

8.2.1 INTERNAL FAIRING SYSTEM - LAYOUT NO. 1. The 105 inch MSFC test tank 
shrouded with a fiberglass fairing equipped with purge pins is shown in Figure 22 of 
Reference 8-.t). An annulus formed between the fairing and the tsnk wall serves as  a 
plenum chamber which is supplied b3th helium gas by a manifold equipped with orifices. 
Local stand off brackets o r  fittings attached to the inboard side of the fairing maintain 
the spacing from the tank wall and provide additional support for %he fairing while 
compensating for dimensional changes of the tank. At  the forward neck area, the 
fairing terminates and seals with a collar. The insulation is applied over the fairing 
surface in gore sections and supported by a row of support pins attached to the tank 
wall a d  interconnected at the outboard ends with a ring. These supports penetrate 
the fairing. Each purge pin is bonded to the fairing and engages with holes in  the 
insulation blankets. The alignment of these purge holes with respect to the primary 
support pins is important since the inertia loads should be reacted at the primary pins 
only. 

8.2.2 EXTERNAL MANIFOLD SYSTEM WITH SUPPORT CAGE - LAYOUT NO. 2. 
Purging by forced flow using gas injection pins supplied by an external manifold 
arrangement is shown in Figure 23 of Reference 8-4. The system consists of three 
ring type manifolds, branch tubes at the forward and aft ends for the cap and neck 
blankets, and inlet tubing. The gas supply is supported from a tubular open truss type 
cage which is attached to the tank neck section and to the test set-up support structure 
a t  the aft ring. Attachments between manifolds and purge pins are accomplished with 
short tubing sections with the terminals bonded or clamped. 

A cluttered exterior Jurface, an enlarged assembly envelope, complexities in the 
external cage, and weight penalties of the cage are sane disadvantages of this design 
approach. Advantages are the independence of the purge pins from assuming any loads 
from the primary insulation supports and the ability to inspect or service the purge 
hardware after the insulation is iustalled. 

8.2.3 INTERNAL MANIFOLD SYSTEM - LAYOUT NO. 3. The cluttered exterior and 
the complications of an external system was eliminated by placing the purge hardware 
under the insuation lay-up 88 shown in Figure 24 of Reference 8-4. The foam layer 
bonded to the tank wall provides a uniform profile for the insulation and permits the 
use of gaseous nitrogen as the purge medium. The manifolding system is located 
within channel recesses in the foam. Tubing support is provided by local fiberglass 
pieces bonded to the substrate and incorporating slots to allow movements between the 
tank wall and the manifolds. The purge pins which a r e  bonded to the manifold outlet 
nipples engage with over-sized holes provided in the insdation blankets. The high 
pressure inlet tube penetrates the insulation layers  at the neck area and is supported 
by the collar section using a retainer clip. 
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8.2.4 INTERNAL PERFORATED PURGE B L G  - LAYOUT NO. 4. The use of tubing 
and purge pins for distributing a conditioning gas requires numerous parts, special 
considerations for orifices, discontinuities in the surface profiles and added tasks a t  
the assembly and inspection levels. The system is simplified in Figure 25 of Reference 
8-4 by enveloping the tank with a perforated bag which serves as a gas distributor. A 
perforated insulation lay-ilp is applied over the bag with the outboard face sheets sealed 
with tape a t  the seams to prevent the gas from by-passing through the butt joints. The 
bag is composed of a forward section and aft portion interbonded a t  the girth. The bag 
terminates at the neck area by bonding it to a collar, supported from the tank wall. 
The tubular pins located at the collar supply gas to the bag and may also serve as 
supports for the insulation layers. A t  the insulation primary support points, the bag 
is locally bonded to the circular base of each pin. Purge is accomplished by pressurizing 
the bag through the collar pins whkh causes a gas flow through the bag wall and the 
insulation layers. Distribution of gases through the membrane can be controlled by 
varying the size and population of the perforations over the bag surface. 

Simplicity and low weight are the primary advantages of this system. Disadvantages 
are the absence of direct out-gassing paths, degradation of the insulation due to the 
perforations, and the lack of positive control of the purge mechanics due to many 
variables associated with a porous membrane. 

8.2.5 EXTERNAL PURGE BAG - LAYOUT NO. 5. A system employing purge 
saturation (the molecular mixing of the purge and entrapped gases) is shown in Figure 
26 of Reference 8-4. The configuration uses a non-porous bag whict, completely 
envelopes the insulation lay-up. The bag is constructed in two parts (forward a d  aft 
section) interconnected at the girth. Assuming that the forward section of the tank will 
not be removed, the neck and a portion of the forward cap area of the bag incorporates 
a parting line which is sealed after installation. The bag terminates at the forward 
end with a connection to a channel type collar using a clamping band. Flanged ports 
at the aft and forward sections provide the inlet and outlet for the purge gas. The 
purging cycle consists of injecting gas at the inlet and exhausting at the outlet. Mixing 
with the entrapped gases between the layers is aided by &e unsealed gore lines of the 
i n d a t i o n  lay-up and perforations in the blankets. 

8.2.6 EXTERNAL MANIFOLD SUPPORTED BY INSULATION - LAYOUT NO. 6. The 
external manifold system previously outlined used a tubular support cage for supporting 
the purge accessories. This layout presented several disadvantages relating to weight 
complexfty and overall envelope size. The layout shown in Figure 27 of Reference 8-4 
attempts to improve the external system by attaching the tubing directly to the 
insulation face sheeta. The ring type manifolds a re  split into three segments with 
each section equipped with local bosses for receiving the purge pin fittings. Two 
additional supply manifolds (including forward and aft feeder tubes) for the cap and 
neck sections interconnect with these segments to form a coii?plete circuit. The 
manifolds are constructed from PPO tubing by forming into circul;:r scclioris and 
bonding to machined o r  molded end fittings for a complete subnswtnhly.  'l'he 
operating pressure €or this system will be low since the cun-ed sections tend to 
straighten when pressurized, causing blanket distortions. This hIanket distortion could 
be reduced by wing complete ring manifolds. 
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8.2.7 RIGID VACUUM SHELL - LAYOUT NO. 7 .  For comparative purposes, the purge 
system was deleted by enveloping the tank and the insulation lay-up with a vacuum shel l .  
The self supporting or rigid type arrangement shown in Figure 28 of Reference 8-4, uses 
a fiberglass honeycomb core equipped with an aluminum inner skin and a fiberglass outer 
skin. Any tank leakages are channeled overboard without contacting the insulation by 
using an internal fairing located between the insulation and the tank wall. 

The layout assumes that the 105 inch MSFC test tank will be reworked inckding the neck 
area to permit installation of +he components. The vacuum shell consists of a forward 
section and an aft portion interconnected at 'he girth through a pair of rings which are 
welded. The Grth ring on the forward section of the vacuum shell is equipped with 
fittings which are attached to the tank wall with six low conductive support s t ruts  
arranged in "V" patterns. The inner fairing consists of two aluminum shells equipped 
with stand offs and interconnected at the girth with a weld. The Outer shell, i w r  
fairing and insulation converge at the forward neck area with a "2" shaped collar which 
is welded to the fairing and the vacuum shell ring. The collar in turn is sealed to the 
tank neck wall using a bellows section. A plenum chamber is formed at the collar by 
welding a channel type closure (equipped with a vacuum port) to the "Z" member. A 
series of holes in the collar provide flow passages for the annuIus formed by the inner 
fairing and the tank wall. An additional vacuum port is provided in the cylindrical 
section of the forward ohter shell section for  evacuating the insulation layers. 

8 . 2 . 8  FLEXIBLE VACUUM SHELL - LAYOUT NO. 8. Some of the complexities and 
weight penalties shown for the rigid vacuum shell may be reduced by using a flexible 
outer shell'sclpported by an insulation lay-up capable of reacting compressible loads. 
The approwh shown in Figure 30 of Reference 8-4 employs a 4 ply fiberglass/Kel "F!' 
outer wall. The flexible shell consists of a forward assembly and an aft section 
interconnected at the girth. me vacuum membrane terminates at the forward neck 
area by bonding to a collar which is welded to the tank w J l .  Loads from the outer wall  
are reacted through the insulation lay-up to the internal fairing which is supported by 
the tank wall. The dimpled internal fairing is used for channeling tank leakage over- 
board is constructed similar to that described for the rigid shell design. 

The vacuum port area near the neck must vent leakage from the anndus end the 
inmilationlay-up while being supported internally. To accomplish this, the triangular 
cavity i s  filled with small Kel  "F" spheres with adhesive coated surfaces to aid 
assembly and t:, retain the configuration shown. Venting is accomplished by openings 
created between the spherical elements. The vent cavity is common to both the tank 
leakage annulus and the insulation lay-up which may require an additional barrier at the 
end plane of the insulation or the u ~ e  of insulation materials which are compatible with 
the propellant. 

Weight savings and general simplicity are the primary assets of this design. Problems 
however, can be expected at the vacuum port area relativs to propellant compatibility 
of the coated spheres and assembly. It may be pcssible to replace the spheres with a 
perforated honeycomb core. 
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8.2.9 PURGE SYSTEM WITH TANK LEAKAGES CHANNELED OVERBOARD/ 
INTERNAL MANIFOLD SYSTEM - LAYOUT NO. 9. The concept of venting tank 
leakages overboard is extended to the gas purge system in Figure 33 of Reference 
8-4, using an aluminum fairing with purge pins and manifolds located outboard of the 
fairing wall. 

The fairing is basically a two piece assembly interconnected at the girth. To permit 
assembly onto the tank, the cap and neck region of the forward portion are separate 
units with sealed parting lines. The fairing also incorporates integral formed 
channels or  convolutes for receiving the manifolds and feed lims plus stand off type 
fittings which maintain contact with the tank walls during dimensional changes. The 
completo fairing assembly serves as a support base for the insulation, a barrier for 
venting lank leakage without contacting the imdation, and as a manifold support. 
Venting the annulus between the fairing and the tank wall is accomplished a t  the neck 
region hy a flanged CRES lube section riveted to the fairing wall. A Teflon or Kel 
"F" collar attached to the tank structure and to the fairing forms the enclosure €or 
the annL1us. The manifolds are comtructed of PPO material and interconnected at 
the fittings using slip type bonded joints. The assembly is therefore a permanent 
type unit (i.lcluding the orifces)  which is discarded and replaced with new parts in 
event disma?tling is required. 

8.2.10 PERFORMANCE SUMMARY OF DESIGN LAYOUTS. Tables 8-1 and 8-2 
present the evaluation of the 9 basic layouts. The tables l is t  the pertinent require- 
menta used for the analysis. The requirements include maintainability (A), purge 
efficiency (B), relative total system weight (C), thermal efficiency (D), fabrication 
and assembly (E), and structural integrity (F). Importance exponents (a, b, etc.) 
were established for each criterion 88 shown in the tables. Relative total system 
weight (insulation system plus airborne system) and thermal efficiency were 
calculated. The estimated weighing factors of maintainability, purge efficiency, 
fabrication and assembly, and structural integrity are shown in Table 8-3. The 
ranking equation used for the evaluation was R = AaBbeDdEeFf where a, b, c, etc. 
are performance exponents and A, B, C, etc. are weiglung factors. 

8.2.10.1 Thermal Performance Prediction. Tables 8-1 and 8-2 &ow heat flux data 
through the insulation systems, with a detailed percentage of heat flow through the 
MU, seams, pins and penetrations. The detailod heat transfer analysis is presented 
in Appendix C. For 8 of the systems, the m:altilayer insulation coilsists of two 1-inch 
thick blankets of D-G-K Superfloc with a layer density of 30 layerdinch. The 
"Flexible Vacuum Shell" layout (No. 8) uses three 1-inch thick blankets of D-G-K 
separated by an open cell foam with a layer density of 22 layers/inch. The effective 
thermal conductivity K e  €or the open-cell foam insulation was based on the data given 
in Figure 1-6 of Reference 4-6. This figures indicates that Ke for  tho open-cell foam 
insulation is approximately 2.2 times higher than f o r  Superfloc . The Superfloc hm 
Dacron tufts with .375 inch spacing. Each system was first analyzed as a one squzre 
foot sample. This involved determining the average insulaticn mrface area. The 
curvature effect on the haat flux due to the different radii of the systems was 

8 -7 



8-8 



I 
? 
3 

s l . ?  . -  I 
I I 

I 
+- 

n ' N  

I 

N N 

n 
0 

0 
c 
c4 

4 

0 
* 

? 
4 

N m 
Cl 

'0 10 

m 
n 
n 

5) 

0 - 0 ? 
+ 

Y - In - ? 
r. 

. . . . .  . . .  . .  

8 -9 



i 

I I 
I 

.-I 
! 

I 

I I-! 
I 

i 
~ 

~ 

I 
i 

8-10 



determined to have less than 1 percent correction over a Bat plate performance. The 
heat leaks were determined through the multilayer insulation by conduction and radiation, 
the seams by radiation, the blanket attachments and supports by conduction, and any 
purging penetrations by conduction. The temperature difference assumed was 52% - 
37R. The analyses for all design Iayouta were performed using the Convair Aerospace 
Program P5431 (Ref. 8-2). 

, 

* Airborne support system weight for purge and vacuum systems approximately 
150.0 lbs. 

8.2.10.2 Weight Analysis. Weight breakdown charts (Ref. 8-4, Figures 35 through 43) 
were created for each layout showing profiles of the basic components, dimensions, 
material, and any special consideration noted for  future reference. Purge hardware and 
insulation system weights are summarized in  Table 8-4. Both the gas purge and the 
vacuum envelope systems require airborne support hardware. F o r  emmple, the former 
is supplied by a helium storage and distribution circuit. The latter requires isolation 
valves and vacuum d u c h g  between the tank and umbilical interfaces. The support- 
weights for both approaches were estimated to be 150.0 lbs (Ref. 8-5, Figure 3-36). 
This weight was obtained by estimating the weights of the helium storage bottle (90 lbs),  
bottle support hardware (9.0 lbs), control valves (3.5 lba), vehicle structure additions 
(4.0 Ibs), circuit tubing (9.0 lbs), disconnects (2.0 Ibs), bag vent valve (15.0 lbs), 
instrumentation and wiring (3.0 lbs), fasteners (1.5 lbs),  ducti1.g (13.0 lbs). 

Weight variatiom between purge systems (Table 8-4) are wide with the larger  values 
occurring in designs using the fairing and manifold systems and the smaller values 
reflected in the arrangements using bags and external manifolds supported from the 
insulation only. 

Two weights are presented in the table for the vacuum shells, one for  the self-supporting 
rigid vacuum shell and the flexible vacuum shell. For  the flexible shell arrangement 

I I 

Table 8-4. Weight Estimate Summary* (Layouts No. 1 Thru 9) 

Layout 
No. Configuration 

Purge 
Hardware Insula tion 
Weight, lbs  Weight, lbs  Total - -  

Internal Fairing 
External Manifold With Support Cage 
Internal Manifold 
Internal, Perforated Purge Bag 
External Purge Bag 
External Manifold Supported by Insulation 
Rigid Vacuum Shell 
Flexible Vacuum Shell 
Purge System With Tank Lealmges 

Channeled Overboard/Intornal Manifold 

46.7 
56.1 
68.0 
15.7 
18.1 

7 . 3  
- 
- 

70.3 

66.0 
67.3 
66.6 
65.0 
65.5 
65.3 

- 
66. G 

112.7 
123.4 
134.6 

80,7 

72.6 
768.0 
249.3 
136.9 

83.6 



the vacuum hardware weight is low when compared to the self suppor~ng  system, however, 
a weight penalty is reflected in the insulation due to the rigid spacer material and the 
increased thickness for equivalent thermal performance, when compared with the purge 
type configurations. 

8.2.10.3 Design Layout Ranking. The ranking shown in  Tables 8-2 and 8-3 indicates that 
the %xternal Purge Bag" (Layout No. 5 ) ,  the "Internal Fairing" (Layout No. l), and the 
"Internal Manifold System (Layout No. 3) are the leading candidates. When comparing 
these three candidates, the ctternal purge bag design (ranking number 1) which purges 
by molecdar -nixing has the advantage of low weight, simplicity, and low hdium consump- 
tion during hold periods. However, it is questionable if sufficient venting and purge 
distribution can be accomplished. 

The "Internal F&5ngt' concept (ranking number 2) has the disadvantages of added fairing 
weight, no positive entrapment of the purge gas during hold periods, and structural 
complexities due to the fairing, internal feed manifold, andpurge pins. Advantages 
are effective gas distribution and venting since the purge points are selectively located 
with venting capabilities over the full length of a gore seam. The vent paths for entrapped 
gases are short compared to the bag concept. 

The third contender, the "Internal Manifold System" offers the same venting and purge 
advantages described for the fairing set-up but requires additional plumbing. The 
application of foam to the tank wall however permits the use of nitrogen and is simpler 
than fairings due to the absence of standoff aupports and fairing walls which are 
sensitive to pressure gradients. Foam however, presents bonding problems when 
consiaGring temperature cycles. 

The '%xternal Manifold System" (ranking no. 4) is complex, large in overall size and 
subject to  blanket distortion, when considering purge pressures, inertia loads and align- 
ment between manifolds and blanket purge points. The outside surface has discontinuitieu 
which are susceptible to damage. 

The fifth ranking layout, the "Flexible Vacuum Shell System" requires three load bearing 
insulation blankets. This concept was  investigated b generate data which can be compared 
with those of the purge systems. There is no great advantage in thermal performance or  
weight improvement and only little technology exists for a load bearing blanket. 

The advantages of the "Internal Manifold System" Layout No. 9 (ranking no. 6) is the ability 
to vent tank leakages. The disadvantages of this concept are the additional weight, a 
separate purge system for the anndim cavity and the complexities of sealing the fairing. 

The "Internal, Perforated Purge Bag" (ranking no. 7), the "Exliernal Manifold With Support 
Cage" (ranking no. 8) and the 'Rigid Vacuum Shalltt systems (ranking no. 9) show increas- 
ing weights with no adva- in thermal performance. They were  not further considered. 
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8.3 ALTERNATE DESIGN LAYOUTS 

Evaluations of the nine insulation conditioning systems shown in paragraph 8.2.10 
revealed three candidate systems: the purge bag, internal fairing, and internal manifold 
approach. The internal apprrach (using a fairing or manifold with purge pins) provided 
good external venting capabilities and effective distribution but may demand large 
quantities of gas when considering long ground stay periods. The external type (using a 
purge bag) would require lower gas quantities plus a more positive control over the 
ewironrnent since the insulation is enveloped in a membrane. However, venting and 
purge gas distribution become problems. The purpose of the following alternate designa 
was to combine the above systems to minimize o r  eliminate some of the disadvantages. 
Investigation also revealed that the initial designs had deficiencies and were simplified 
in the interest of weight savings. 

8.3.1 EXTERNAL PURGE BAG - PARTIAL GAS DISTRIBUTION. The Figure 8-6 design 
consists of a two piece conical housing, equipped with a cylindrical neck section and 
flanged outlet, and two preformed bag sections (one containing a flanged inlet) and an 
internal distributing manifold for gas injection. Purging is accomplished by supplying 
gas at the bottom cap sheet area with venting at the neck section. 

The bag assembly is composed of two preformed scrim reinforced membranes 6nuipped 
with two rings at the girth pkne, one ring at tank support end for attachment to he 
conical housing, and a flanged outlet which houses the gas distributing probe. The two 
bag sections are interconnected at the girth by interbonding the two ring surfaces. To 
permit assembly, the gas feed probe flange is bonded to the distributing tube and to the 
bag flange after the bag has been positioned over the tank and insulation. External 
supports for the inlet interface are required to react loads from the purge supply 
plumbing. 

The purge gae is injected i n b  the insulation lay-up by nine purge pins (one per gore 
blanket) which are bonded to the tank wall and penetrate the cap blanket layers. G a s  is 
supplied to the pins by tube sections which are interconnected a t  the gas feed probe with 
a ring type boss, Holes located in the inlet probe wall provide additional gas flow 
between the outboard face of the insulation lay-up and the bag wall. 

8.3.2 INTERNAL FAWING AND PURGE BAG - COMPLETE GAS DISTRIUU'I'ION. The 
Figure 8-7 design envelopes the tesrk~nk with a fairing equipped with purge pins. The 
insulation is applied over the fairing and the complete assembly enclosed with a bag 
containing vent openinge. A typical purge gas flow path starb at the inlet fitting, conveys 
through the annulus into the purge pins, exits at the purge pin slots into the insulation 
layers, vents at the illsulation blanket gore seams into the outer annulus Sormed by the 
bag, and finally exhausts a t  the external vent openings in the bag. 

8.3.3 INTERNAL FAIRING AND PURGE BAG - TANK LEAKAGE CHANNELED OVER- 
BOARD. The Figure 8-8 design is similar to that t,hown in Figure 8-7 except annulus 
cavity is used only for venting any possible tank ler kage overboard. To accomplish this 
an aluminum alloy fairing incorporating integrally formed channels for housing a 
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Figure 8-8. Internal Fairing and Purge Bag - Tank Leakage Channeled 
Overboard - Complete Gas Distribution, 105-Inch Test Tank 
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separate external purge manifold iq used. ¶%e fairing also includes vent tubes for 
conditiocing aud venting the SJlnUlus cavity. The purge circuit for the insulation is 
therefore cc,mpletely isolated from the mnulus by flowing helium through the tubular 
manifolds cupipped with purge pins. 

5.3.4 ALTERNATE UESIGN LAYOUT 3ANKING. TdAe 5-5 presents &e performance 
summary a d  ranhng of the alternate des'-@ layouts. Table 8-6 minimizes the 
purge hardware aad in5datm weighla. Weight detail0 ara shown in References 8-3 and 
8-5. The hyor:ta arc? rated uaiilg previous cwdua;scn methods. The tolal ratings 
computed on Table 8-5 &ow tbe ' l a f e d  Fairing and Purge Eag Lzyout" utilizing a 
compXete gas diptribution a~ a e  best des@ &e primarily to its puqe efciciency and 
strwturd integrity. 

8.4 FINAL D'ESIGS SEU?CIlr)N 

The concept selection for the Znal i n d a t i o n  system design d e p e d s  primarily upon the 
degree of purge gas distriburion required. The 'External Purge Bag System" with the 
partial gas tiistrihtions (ranking no. 2) w!iich depends upcn a dilution or mixing process 
only offers simplicity and weight advantages but has questionable purge efficiency. The 
second caacept ''Internal Fairing a& Purge Bag Sykitem" with t t e  complete purge gas 
distribution system (ranking m. 1) offers an increase in purge efficiency 3t the expense 
of increased compbxities. The third alterante layout "Internal Fairing and Purge Bag 
Sy8tem" with the capability for cverboard veating of tank leakages (ranldnq no. 3) 
presents mditional hardware complexities, plus the need for provisicns to condition 
the annulus cmiity. 

To assist in  resolving what degree d purge distribution is required, tests mre 
coducted on a flat specimen representing a typical insulation blanket (Paragraph 7.2.2). 
These tests did not specifically determine where the gas should be injected such as 
quantity and location of purge pins, but they were expected to ieveal any requirements 
above the simple molecular mixing or dilution process which blows gas in one ~ n d  of 
a bag with exbnusting at the opposite end. The purge test indicated that at a distance 
of four feet and a typical flow rate of 10 volumes per hour, approximately 30 minutes 
are required to reduce the air concentration to five percent. It took q,praximately 
three minutes to achieve a five percent air coccentration at the same location for a flow 
rate of 100 volumes per hour. At these flow rates however, a scattering of the test 
points waa observed. The scattering was probably caused by irregular hdium 
tunneling through the insulation blanket. 

Reference e-1, contrrst NAS8-27419, "Design and Development of Pressure and 
RepreseurizAon of Purge System6 for Reusable Space Shuttle Multilayer Iusulation 
Systems, '' contains an operation plan indtcating a time requi rment  of 2-1/3 $ours to 
establish and maintain pretanking pui-ge condilims. The latter requirements lead to 
the conclusion that only such purge system designs can be u3ed Xch permit a fast 
and complete distribution of purge gases through a bag. 
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Table 8-6. Weight Estimate Summary of A l t e r n a t e  
Desigu Layouts 

~ ~~ 

Purge Insula- 
Hardware tion Total 
Weight Weight Weight* 

Configuration Ibs lbs lbs  

External Purge Bag - 30.8 65.6 96.3 
Partial Gas Distribution 

Internal Fairing and Purge 8S.2 65.5 154.7 
Bag - Complete Gas 
Distribution 

Internal Fairing and Purge 95.3 65.5 160.8 
Bag - Complete G a s  
Distribution, Tank Leakage 
Channeled Overboard 

eAirborne system weight approximately 150.0 Ibs. 

The deRign incorporating 
overboard venting of tank 
leakage is rated below the 
others due to weight penalties 
and complexities. 

Convair Aerospace has 
constructed and leak tested 
an 87 ioch major diameter 
ellipsoidal tank for liquid 
hydrogen applications (Ref. 
9-1). Ihe results of these 
tests showed an average 
leakage rate of 3.57 x 10-8 
STD cc/sec of helium per  
seal a t  20 psi differential 
and 6.20 X at 80 psi 
differential. Similar tanks 
are currently under constru- 
c tion (at Convair Aerospace 
for NASA) for  FLOX, 

Methane and Liquid Hydrogen applications. Leakage tests for the FLOX tank are under- 
way and early results indicate average values less than 1 x 10-9 STD cc/sec at 20 psi 
differential (using helium). 

Based on the above data, Case 3 (which channels tank leakage overboard) is not 
recommended due to the added complexities for venting leakages which have no 
appreciable influence upon thermal performance. 

Summarizing the above arguments, the alternate layout no. 1 has been eliminated due 
tolow purge efficiency. Alteraate layout no. 3 was eliminated due to system complexity 
and demonstrated ability to construct leak tight tanks. The concept shown in layout no. 
2 with the rankng number ora was selected for the final d-sign. 

8-19 



SECTION 9 

MLI AND PURGE/RE PRESSURIZATION SYSTEM PRELIMINARY 

DESIGN FOR THE 105 INCH MSFC CALORIMETER 

A preliminary design for the Multi Layer Insulation and purge system for the 105 inch 
MSFC test tank is shown Dn Figure 9-1. The preliminary design includes a general 
arrangement, details of pertinent areas, assembly procedrlres, external interfaces, 
weights, materials, operating conditions, surface areas, and purge gas cavity volume. 

Basically, ihe design consists of a heat exchanger coil; a rigid penetration panel, incor- 
porating instrumentatim and gas feed fittings; a fairing which envelopes the tank; a 
M U  lay-up applied in  gore sections over the fairing; and an external bag type enclosure 
for containing the purge gas. The confqpration is arranged such that instrumentation 
can be installed at  the inboard or  outboard side of the faking without penetratiug the 
MLI or the fairing wall. The fairing is equipped with purge pins for distributing gas 
between the MLI layers. The annulus cavity between fairing and tank therefore acts as 
a plenum chamber for the purge gas. 

9.1 HEAT EXCXANGER COiL 

The heat exchanger coil is 1/4 inch 0. D. aluminum alloy tubing hand wound to the CRES 
neck of the tank and retained with an aluminum clamping band (detail "A" A/5* and note 
5). Contact between coil and tank is maintained by the coefficient of expansion difference 
between aluminum and CRES. The coil terminals a re  comected to the penetration panel 
bulkhead fittings. 

9.2 PENETRATION PANEL 

The penetration panel incorporates all pass th rxgh  fittings for instrumentation, gas 
supply, heat exchanger terminals. and provides the primary support for the outer bag 
assembly. The panel consists of three 120" secticns (detail "A" A/5) to permit assembly 
to the test tank. AxibX restraint is provided by three adjustable rads which attach to the 
test tank support plate through gib blocks. Radial restraint is derived from the engage- 
ment between the panel hub section and the tank neck. Flat FEP gaskets are  used for 
scaling between the 120" sections using an epoxy caulk at the corner areas. If disassem- 
bly is not required, the gaskets may be replaced by coating the surfaces with adhesive. 
Sealiag between tank neck and panel hub is accomplished with an epoxy prepreg cloth 
wrap as outlined in notes 2 and 6 of Figure 9-1. The quantity, type, and location ofpass 
through fittings shown assembled to the panel can be varied for specific test requirements. 

*A/5 is typical reference to drawing locaticn. 
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9.3 PRESSURE SENSING TUBE 

Detail "R" D/8 and detail "A" A/5 show a typical pressure sensing tube installation 
originating from the penetration panel pass through fitting. The tube is routed on the 
inboard side of the fairing and supported with clips which are bonded to the tank wall. 
The tube is shown terminating near the tangent line of the aft bulkhead, however this 
can be varied to meet specific test requirements. 

9.4 FAIRING 

The fairing assembly consists of two single piece bulkheads (with cylindrical sk i r t  
sections) interconnected at the girth, and a two piece neck section which attaches to the 
penetration panel (detail "A" A/5 and general arrangement). The surfaces of both 
bulkheads a re  stiffened with integral beads (detail "E" B/lO, arranged in a grid pattern. 
Additional stiffening is provided by rings located at the aft area, the girth area, and 
at the forward end near the neck section. 

The forward fairing section is sealed to the base of the MLI support pins iising retainers 
(detail trB1l D/7). Interconnections between fairing sections (including the seams for 
the two piece neck section) are  made using slip type joints equipped with flush screws, 
back up strips and nut plates (view JJ A/3, detail l lCfl  A/7 and detail "A" A/5). These 
slip joints a re  sealed with tape strips. A flat FEP gasket is used to seal the fairing 
neck section to the penetration panel. 

Support for the fairing is provided by the connection at the penetration panel, the slotted 
ring located at the conical base of the neck section, the local attachments at the M U  
sumort pins, the stand off clips at the girth ring, and the stand off clips located at the 
aft ring. Supports at the penetration panel and at the MLI s u p p r t  pins a re  fixed com- 
pared to  the spring type stand off supports used at the girth and 3ft rings. These latter 
spring type supports assume a pre deflected position when the fairing is installed to 
compensate for tank dimensional chauges. Tank movements at the MLI support pins 
are absorbed by the flexibility in the fairing wall and the local llcup type'f closure pieces 
used to extend the fairing wall to the base of the MLI support pins. Final designs may 
reflect fairing wall diffener patterns oriented to avoid any possible local buckling of 
the fairing proale. 

The forward, girth and aft regions of the fairing are equipped with purge pins bonded to 
the fairing wall. Purge pins located near the girlh area; at the forward section 
near the M U  a u p p r t  Dins and at the cap blankets are installed as shown in detail 
"Cfl A/7. The remaining pins are  designed to serve as combination stand off fittings 
for the bag and 88 purge gas distributors (detail trD1l A/10). 

9.5 MULTILAYER INSULATION (MLI) LAY-UP 

The M U  lay-up consists of 18 gore blankets, two neck blankets and two cap blankets. 
Each blanket is a separate preformed assembly composed of flocked core sheets 
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sandwiched between two reinforced face sheets (detail "L" C/10 and general arrange- 
ment). The core and face sheets a r e  interconnected with grommets and reinforcement 
tabs installed by bonding and heat swaging techniques. This method prevents interlayer 
shifting, allows reaction of the primary loads through the face sheets, apd prorides a 
positive method of controlling seam gaps between blankets. Holes a re  also provided in 
the MLI blankets for the purge pins per details "C" A/7 and detail "D" A/10. These 
purge pin holes in the MLI are not reinforced and are sized larger than the purge pins. 
This clearance between purge pins and holes allows for tolerances and permits the 
loads to be diverted through the primary support pins. 

'I he gore blankets extend continuously from thd neck area to  the aft cap blankets with 
the inboard and outboard gore seams staggered. The neck bla-.kets are wrapped around 
the cylindrical neck portion of the fairing and retained with pins and fasteners per detail 
"A" A/5 and view JJ A/3. The aft end of the gore blankets a re  interconnected to  the cap 
sections as shown in view SS A/7. At  the forward end, tape seals a re  applied to the 
face sheets at the mitered joints. 

The gore blankets a re  supported at the forward end with pins bonded to the tank wall. 
Deflection of these support pins is minimized by interconnecting the outboard ends to  a 
ring (detail ''Brt D/7). 

9.6 BAG ENCLOSURE 

The external bag enclosure consists of two semi rigid bullhead type assemblies which 
completely envelope the MLI system. The forward assembly consists of a rigid single 
piece neck housing (incorporating a vent port), an external stiffener ring and a single 
piece bulkhead membrane containing an integral girth ring. The aft assembly is simi- 
lar except no neck housmg is required (details "D" A/10, "A" A/ and "C" A/7). The 
two assemblies are sealed by the flanged connections at the girth and penetration panel. 
The complete enclosure is therefore supported in all planes from the penetration panel 
and radially restrained by the stand off buttons attached to  the aft r o v  of MLI purge 
pins. Additional restraint is provided by the forward M U  support ri:g. 

0.7 MATERIALS 

A summary of materials is shown in the notes section of the design layout. The pri- 
mary material is DuPont's PRD-49 high modulus organic fiber coupled with epoxy resin. 
When compared to fiberglass, PRD-49 offers a reduction in weight (. 05 #/in3 V s  .07); 
increased stiffness (4.5 x lo6 psi Vs  2.9 x lo6 at R, T.); incrcased strcngth (512 #/in 
Vs 330 #/in @ R. T. ); and low coefficient of thermal expansion (3 x 
7 x in/in/'F approximately). Prior to final designs, the PRD-40 properties and 
fabricating characteristics should be verified for this application. 

in/in/" F V s  

The basic wall for the bag is two plys of epoxy pre preged PRD-49 (style 181) sand- 
wiched between two films o€ FEP (2 mil gage eacl which gives an approximate overall 
gage of .020 inches. The fairing is similar except no FEP is used. Accessories such 
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as the penetration panel, neck housjng, and rings are lay-ups of PRD-49/epoxy. Poly- 
phenylene oxide (P. P. 0. ) is used for all MLI fasteners, bag standoff buttons. purge 
pins, grommets, and reinforcement tabs for the MLI face sheets. The M U  support 
pins are epoxy/uni-direction fiberglass. 

Aluminum and CRES alloys are used for the remaining accessories such as the pene- 
tration fittings, cooling coil, coil hand, screws, nut plates, support rods, and gibs. 

R typical M U  blanket consists of .0003 inch double goldized Kapton sheets (flocked) 
sandwiched between two beta glass reinforced Pyre-M.L. face sheets. MLI blanket 
construction is shown in detail "L" C/10. 

9.8 SYSTEM WEIGHTS 

A complete weight analysis was made and summarized in the notes section of the design 
layout. The following is a weight comparison between designs using PRD-49 and fiberglass 
fabric materid:  

Design Configuration 
Total 

wt Lbs 
Unit Wt Lbs/F't2 
of Tank Surface 

Present final design using PRD-49 fabric 197.5 .66 

Present final design using fiberglass fabric 240.6 ,803 

9 .9  SURFACE AREAS 

For information purposes, surface areas for  the fairing, the MLI and the bag a re  sum- 
marized on the design Iayout. The area for the fairing includes the effects of the bead 
stiffener pattern. 

9.10 OPERATING CONDITIONS 

The bag hoop stress is approximately 1.2 times that for the bag enclosure currently 
under development for contract NAS8-27419, Ref. 8-1. The strength ratio of PRD-49 
to fiberglass (at R.T.) is approximately 1.55. In the absence of test data, it I s  
assumed that the PRD-49 material will exhibit strength properties compatible with 
the ratings shown on the design layout. 

9.11 ASSEMBLil 

An assembly sequence consisting of 9 basic steps is shown on the design layout. The 
MSFC test tank is suspended from a shop fixture having two support beam attachments. 
In step 1 the heat exchanger coil, the penetration panel and any instrumentation is 
installed on the tank surface and connected to the panel pass through fittings. In step 2 
the two piece neck section of the fairing is installed. A t  step 3, the forward fairing 
assembly is positioned over the shop fixture, the forward end of the fixture connected 
to a support, and the aft beam dbconnected, which permits the positioning of the fairing 
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over the tank shown in step 4. The fairing assembly is then connected (and sealed) to  
the previously installed neck section and the MLI support pins installed. In step 5 the 
aft fairing section is positioned, interconnected to the forward fairing at the girth line 
and sealed. Any instrumentation f m  the fairing is installed at this point. A t  step 6, 
the MLI blankets are  installed over the fairing and instrumented. The bag standoff 
buttons on the aft row of purge pins are installed after the MLI is in place. Installation 
of the forward bag section is accomplished in step 7 by positioning the bag over the 
MLI assembly and attaching it to  the housing portion and the penetration panel. A t  
step 8 the aft bag is positioned and attached to the forward fairing at the girth ring. 
The assembly is completed in step 9 by attaching the MSFC supports to the tank neck 
and removing the shop fixture. 

9.12 INSTRUMENTATION 

An instrumentation layout is shown in Figure 9-2. The layout locates the temperature 
pick-up points for the MLI system, the fairing, the bag enclosure, the tank wall, the 
internal tank stand pipe, and gas cavities in the tank ullage region. Included a re  the 
quantity of points assigned to each electrical penetration fitting (including spares); and 
a summary table showing the purpose for each pick-up point. Typical instrumentation 
for the interlayers of the MLI lay-up is shown in View DD, The pick-up points are 
staggered to  minimize distortion between plys and to avoid heat shorts. The cluster 
shown in View DD is located at the girth area with orientation optional. Pick-up points 
for the MLI prima,y s v ~ p o r t  pins are shown in detail tlDtt. One is located at the base 
of the pin near the tank wall and a second at the outboard end of the pin. View CC is a 
cross-section thru the MLI blankets showing a typical set of twin pin fasteners. One 
pin of each fastener set is instrumented with thermocouples located on the inboard and 
outboard ends. The remaining instrumentation points for the MLI are  attached to the 
face sheets only. These are shown in the general arrangement and detail ttA't.  The 
outboard surface of the fairing is instrumented at the neck area, forward and aft bulk- 
head regions, and at the girth section. The leads for these points are attached to the 
outboard fairing surface and routed to the penetration fitting prior to installing the MU 
blankets. The bag enclosure has thermocouples located on the outboard surface only 
and therefore will not require routing thru the penetration fittings at the forward panel. 
Temperature points are also included at the forward panel near the penetration fitting 
and one support rod. 

The outside surface of the tank wall is instrumented at the neck region (including the 
heat exchanger coil), the forward and aft bulldieads and at the cylindrical section. 
These are installed prior to the fairing and the leads routed thru the Penetration fitting 
that is located beween the tank neck and the fairing walls (annulus aavity). The pick- 
up points for the pressure sensing tube are also accommodated by this latter penetra- 
tion fitting (detail tvAtl) .  

Several thermocuples are  located inside the tank wall at the neck region for monitoring 
the standpipe wall, the gas cavity inside the standpipe, and the gas cavity betwten the 
tank wall and the standpipe. These points require an electrical penetration fitting 

3-7 



which prsses thru the t,mk neck wall and i s  located inboard or outboard of the enclosure 
panel. Removal of the standpipe and rework of ~ k n  tank neck section is required. 

The forming and application of thermocouple leads are discussed in reference 3-1. 
These procedures were developed by GD/CA under the cryogenic tank test program 
(Reference 9-1). 
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SECTION 10 

THERMAL EVALUATION OF THE 135 INCH 
CALORIMETER INSULATION SYSTEM FINAL DESIGN 

The thermal performance af the insulation system used on the 105 imh tauk i n  evaluated 
using the same basic approach used mccessfhlly in Cx)nvair’s 87 in. tank program. 
(Reference 3-2). 

10.1 ANALYTICAL MODEL 

The analysis of the final system design considers &e tank in two separate mgmcnts. 
One segment consists of the tank and insulation system below the liquid level line and 
the other part is above the liquid level line. Figure 10-1 is a schematic of the 105 
inch tank with a breakout af where the regiom begin and end. Alao shown in Figure 
10-1 are the locationa of the nod- used in the liquid region of the tank. Figure 10-2 
gives the node locations for tbs ullage section of the tank. The following heat transfer 
paths are considered in the anatpis: 

1. Lateral conduction along tank wall 7. Radiation between tank and f a i r ing  
and neck. 8. Solid conduction betweert tali z;nd 

2. Lateral conduction along fairing. fairlng. 
3. RadiationthraughSuperfloc insulation. 9. Conduction along fill ami drain line. 
4. Solid condmtion through the 10. Cocvection between venting hydrogec 

and tank waU, tank neck, filt’drain 
5 .  Radiation down seams. line. 
6. Solid conduc tion thmu& blanket il. Radiation between inside of tatk aad 

sup%rfloc. 

penetratiow . liquid hydrogen. 

Figure 10-1. Schematic of 105-Inch Tank Figure 10-2. Node Locatio3 for ullage 
With Node Location in Region 1 
(Liquid Region) 

Section of Tank (Region 2) 
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-4 detailed listing of the input into the Comhir Thermal Analyzer is given in Appendix 1). 
Table 10-1 outtines the number of support pins, grommets, seam/pin/grommet combina- 
tions, purge pins, seam length and insdation surface area for e w h  of the tank's sections 
indicated in Figure 10-1. The information in  Table 10-1 indicates a total average 
insulation insulation surface area of 318.4 f$. 

54ORb40R temperature extremes on a two ilvch 

N'16 I thick system. A heat flux of .0371 Btu/ t r  ftz 

thermal conductivity of 1.55 x 10-5 Btu/hr f t  R. 
I obtained. This corresponds to an effective 01 .5  in. 

This is a 10.75% degradation over the 1.37 X 

10-5 Btuinr f t  R measure by the A.D. Little Co. 

curvatrlre of the tank alrd the degradation, which 

0 :  

in  the flat plate calorimeter, Sectioa 4 .8 .  This N ' l 6  I 
L = . S i a . I  ' degradation factor was applied to account €or the 

Table 10-1. Insulation System Design 10.1 .1  MULTILAYER INSULATION. 
The multilsyer insulation (MLI) Characteristics 

>9 

57 
55 
53 
5: 
49 
4 7  
45 
43 
41 
39 

- 37 
35 

- 
--- 

46 - 

3332 
- 

- 
Average 

Number of Seam lnrulatioo 
FairlngNodsa r- Purge Leagth S u r r s e  

consists of one-inch thick blankets 
of D-G-K Superfloc with a layer 

Sectlm inSsUon plns Gromx.et.9. S h i  pLns R Area Blanket 

A 2 . 3 h a l f d 4  0 0 99 10 31.2 44.4 Outar Superfloc has Dacron tufts with 0 31 33.0 Inmr 

3/8 in. spacing. The tufts a= B 5. 6. f 0 0 1M 0 37.5 113.0 Outer 
b1f of 8 0 4 0 90 37.2 Inmr 

c 9, 10, 11 27 27 126 9 37.5 11Z.C Outer 
a n o m i d  length of .04 in. Figure half of 8 & 12 27 100 J7.2 Inner 

10-3 shows the nodat network that u, 0 0 36 9 15.0 29.9 Outer 

density of 30 lziyers/inch. The 

made of 3 denier Dacron fiber with 

was input into Program P4560 (Ref. 
6-1). The emittance and solid DO 

P 18 14.62 lnner 

0 0 5.1 0 20.6 14.9 Outer 
0 56 12.9 luner 



estimated to have a seam Table 10-2. Blanket Attachment Table 10-3. Thermal 
width of 1/32 inch. The Charactmisstic s Conductivity of Unidir- 
equation describing the seam ec tiowl Fiberglass 
heat trarsfer is given in 
Figure 10-4 where  f = 
dimensionless function of 
the butted joint to depth 

width. It follows that 

Temp. Thermal cOnducuv~cy 

Btu‘hr f t  I t )  

1 Yherglass 
2 1’1’0 

Support I’m . OUUOJSl 
Suppon I’m (or N e c k  0000701 

Seam PidCromrnet .OW1016 1 .3J 

ratio = .004 for 1/32 inch t irmmet  . buo09.i* 

Combmuon 400 .37 
PuQe I’ms .0oOi77 2 I’I’U -3. .A- = e. 0003331s. 

LJ 1 

10.1.4 CONVECTIVE HEAT 
TRANSFER, A free cowect- 
ive heat sansfer coefficient is used on the f i l l  and drainline and the neck of the tank. 
The Convair thermal analyzer calculates the coefficielit from tbe following condition. 
If Gr Pr <: lo9 then Nu = .555 (Gr Pr)lI4 and if G r  Pr > lo9 then Nu = .13 (Gr Pr)O- 33. 

10.2 RESULTS 

The computed heat leakage 
throughRegion 1 is shown in 
Table 10-4. 

In Region 1 {Figure 19-1) the  
average insulation surface 
area = 269.4 ft2. A complete 
listing d the temperatures 
computed for the nodes in 
Region 1 are given in  Table 
10-5. 

The computed heat leakage 
through Region 2 is presented 
in Table 10-6. 

The computed temperature 
of the various nodes for 
Region 2 (Figure 10-2) are 

. 10 

.08 

m.06 

% 
2.04 

(D 

- 
3 

a - 
.02 

0 
0 0.1 0 . 2  

y k 8 ,  dimensionless 

Figure 10-4. Dimensionless Function f ( ~ / 6 ~ )  for 
Computation of Superinsulation Seam 
Heat Leak 

Table 10-4. Thermal Performance Results (530R - 37R) 
given in T d l e  10-7. - I 

A summary of the heat leak- 
ages into the 105 inch tank ie 
shown in Tabh 10-8. 

The heat le- into the 
tank, due to thermal couple 
incrtrumentation leads has 

P A  

seams 

Support Pins and Grommets 
’ S / G P ~ ~  

1 Purgr; Pins 
’ Superfloc MId 
I Total 

Heat Leakage 
Btu/hr 

2.16 
6.27 
2.04 
0.38 
9.04 
19.79 

Percent 
of rr otal 

10.9 
31.7 
10.3 
1.4 

45.7 
100.0 
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been determined to be negligible. There are 93TC (Figure 9-2) made of 36 gage chromel, 
constantan wire (Section 9.12). Table 10-9 summarizes the thermal performance of the 
iotal system. 

The effective K for the entire 105 inch tank insulation system 'was computed to be 
ii. 0 x 10-5 Btu/hr ft I?. The same system, without the ?urge Dag and fairin2 would have 
:m effective K of 2.67 X I3 tu .h  f t  F. It is also interesting to note that tf-2 effective 
K of the 105 inch tank insulation design was improved by 22 percent over the 87 inch tank 
design. This improvement was mainly due to the utilization of goldized radiation shields 
and more effective insulation attachment designs. 

Table 10-5. Temperature of Nodes i n  
Region 1 (See Figure 10-1) 

Table 10-6. Thermal Performance 
Results (Region 2) 

Node - 
Tankwall -+ 1 

Tank Fairing 

Section A 

1 nsul ation 
Section C 
Figure 10-1 

Section €3 
Figure 10-1 

Section A 
Figure 10-1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 - 13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

i 
26 I %i 

I 30 

Temperature 
"R 

37.000 
243.728 
197.418 
196.422 
190.228 
155.370 
184.711 
1S1.856 
186.210 
185.158 
192.081 
208.207 
236.525 
530.000 
487.621 
430.568 
389.344 
329.802 
222.191 
530.000 
488.210 
432.254 
390.532 
330.001 
219.216 
530.000 
488.005 
431.663 
391.490 
3 34.265 

Heat Flow, B t d h r  

530R at 
Topof 140R 37R 
Fill Line Escchg. b c h g .  

Pins c1.22 c1.22 1.22 

seams ~ 0 . 5 8  3.58 0.61 

Fi l lbrain Line 0.001 0.000 0.000 

Aluminum Tank >12.65 >5.53 2.04 
Dome (at Liquid 
Surface) 

Total 14.450 7.33 3.87 

Neck Heat - 64.7 94.90 

Heat -- Path 

E xc hang-r 
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Table 10-7. Temperature of Nodes in Region 2 

L40R Exchanger 

Node 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

- 
Temp. 
R 

37.000 
37.164 
37.484 
37.851 
38.496 
38.710 
39.719 
40.74.2 
69.416 
102.991 
140.000 
295.784 
409.410 
469.294 
530.000 
190.404 
205.129 
233.739 
259.517 
313.165 
273.018 
272.512 
317.013 
517.867 
529.854 
37.000 
37.143 
37.456 
37.817 
38.426 
38.790 
39.511 
42.224 
63.410 
96.740 
140.608 
252.682 

37R ExchanP-er 

Node 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

- 
Temp. 
R 

37.000 
37.087 
37.241 
37.398 
37.632 
37.684 
37.846 
37.957 
42.203 
44.045 
37.000 

239.419 
386.669 
457.985 
530.000 
190.397 
205.084 
283.702 
259.390 
312.331 
271.999 
270.873 
314.813 
516.960 
529.843 
37.000 
37.074 
37.226 
37.381 
37.602 
37.713 
37.791 
38.089 
40.245 
45.382 
55.566 
192.778 

- 

140H Exchmr 

Temp. 
Node R -- 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 

373.613 
435.570 
189.960 
193.377 
530.000 
50.1.322 
471.728 
446.214 
415.615 
381.212 
530.000 
490.977 
439.991 
400.091 
343.891 
252.812 
530.000 

442.798 
400.136 
338.195 
224.174 
519.622 
37.143 
37.457 
37.820 
38.427 
39.074 
40.456 
46.747 
72.344 
10G. 001 
168.304 
315.519 
418.576 
473.259 

492. oa5 

37R E- 

Node 

38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 

- 
Temp. 
_R 

355.672 
417.806 
189.957 
193.375 
530.000 
503.215 
471.468 
445.7 92 
414.952 
380.201 
530.000 
490.973 
439.979 
400.076 
343. $71 
252.769 
530.000 
492.005 
442.798 
400.136 
338.194 
224.171 
517.472 
37.074 
37.226 
37.382 
37.602 
37.780 
37.963 
38.809 
42.521 
50.870 
85.314 
263.608 
39C. 009 
462.035 
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Table 10-8. Summary of R 
105 Inch Tank 

sults of Heat Leakage to 

Percent of 
Heat Leakage Total Through 

B t u h  Regions 1 and 2 
140R* 37R* 140R* 37R* - -  Path - 

Seams 2.74 2.77 10.1 11.7 

Pins >9.81 9.81 >36.2 41.5 

Superfloc MLI 9.04 9.04 33.4 38.2 
Region 1 

Dome Region 2 
Aluminum Tank ~ 5 . 5 3  2.04 20.3 8.6 

Total 27.12 23.66 100.0 100.0 

*Exchanger Temperature 

Table 10-9. Thermal Performance 0:' 105 Inch Tank Superfloc 
Insulation System 

Thick- 
ness, Weight, VoI. Density, Effective K, pK 
inch Ibs fl? f t3  Btu/hr f t  R 530-37R - -- System 

105 Inch Tank: 3.75 197.5 97 2.04 5.0 x 10-5 10.2 x 10-5 
Entire System 11 ith 
Purge Bag & Fairing 

105 Inch Tank: 2.00 66.8 53 1.26 2 . 6 7 ~ 1 0 ' ~  3. 6x10-5 
System Without 
Purge Bag & Fairing 

87 Inch Tank: 1.50 - - 1.21 6.8 X loe5 8.2 X 

System Without 
Fairing - N o  Purge 
Bag (Ref. 10-2) 
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SECI'ION 11 

PROGRAM CONCLUSIONS AND RECOMMENDATIONS 

The following cmclusions and recommendations are based on the analytical, 
experimental and design work performed during this contract. 

11.1 CONCLUSIONS 

The Supefloc M U  concept,utilizing 30 gauge, double goldized Kapton radiation 
shields, separated by low-conductive Dacron needles is a strong candidate for 
insulating reusable vehicle cryogenic tankage when considering such factors as 
pk, structural strength, thermal cycling, purging, venting, repressurization, 
density control and insulation application. 

Tests conducted at the component and assembly level verified that the proposed 
insulation system is thermally and structurally sound for 100 missions. 

SuperfIoc has the necessary resistance to compressive loads. I t  maintains its 
thermal performance for loads that would be expected dwing the mission. 

Supertloc can be economically manufactured with the proposed Schjeldahl 
production machine. 

The selected Superfloc insulation system design, featuring an internal fairing, 
a purge bag and a complete purge gas distribution system is an emellent 
concept due to its thermal and purge efficiency, lightweight and structural 
integrity. 

Five percent air concentration was measured during a typical blanket purge test 
after 30 minutes of purgir i  at 10 volume changes per hour and after 3 minutes 
at 100 volume changes per hour. 

The results of a calculation ohow that Superflor! at the natural layer density of 
30 layers/inch require6 a vent valve with an orifice diameter of two inches 
to be pumped down to 1 X 10-4 torr  in 290 seconds. 

The effective K for the entire 105 inch tank insulation system was computed to be 
5.0 X 10-5 Btu/hr f t  OF). This is an improvement of 22 percent over the Convair 
Aerospace 87 inch tank design (Ref. 10-2). The improvement is mainly due to 
improved insulation attachments, goldized radiation shields and a smaller seam 
width between the blankets. 
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9. The predicted pK factor of the system including dl components is 10.2 X 

Btu-lb/hr ft4 OF. This value is realistic when compared with h e  tested 87 inch 
tank pK factor of 8.2 X Btu-lbhr ft4 OF (without fairing and purge bag). 

11.2 RECOMMENDATIONS 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Tho final Superfloc insulation system design for the 105 inch calorimeter should 
be fabricated and tested to verify the thermal performance of the entire system. 

Radiation sbield materials should be procured utilizing adequate specifications 
to assure proper quality control. 

Non-destructive tasting techniques should be developed to determine the metal 
thickness on me'dized plastic films used in MU. 

The complexity of the determination of the optimum gold film thickness on 
radiation Eihields, considering all variables involved, requires the establishment 
of a computer program. 

Standard techniques should be developed for measuring the emissivity of 
metalized films. 

"'he use of metalized films other than goldized films should be studied for 
reusable MU. The study should include the analysis of coatings to prevent 
oxidation of metals. 

The urn of higher density Superfloc should be examined for reusable insulations. 
This will involve the use of different floc fiber lengths, dot sizes and spacings. 

The development of the Pyre ML face sheet should be continued to reduce the 
brittleness which occurs after increased cycling between -420 and 300°F. 

Techniques shauld be developed which determine and monitor the MLI 
degradation through reiie. Include the uae of sensing bersua boiloff devices. 

Integration d a meteoroid protectioc system with a reusable MLI system should 
be investigated through analysis, design and component experimentation. 

11-2 



SECTION 12 

RE FE RE NCE S 

2-1 North American Rockwell S.D., "Space Shuttle Program, Phase B Final 
Report, 
25 June 1971. 

SD71-114-2, Contract NAS9-10960, Val II, Technical Summary. 

3-1 "Cryogenic Insulation Development, I '  Contract NASP 18021, Convair Report 
GDC-DDB69-002, December 1969. 

3-2 K. E .  Leonhard, W. S. Bette, F. 0. BennettandR. B. Tatro, "Cryogenic 
Tank Test Program," General Dynamics, Convair Aerospace Report GDC- 
ERR-1419, December 1969. 

3-3 Thermal Radiation Heat Transfer, Vol. 1, NASA, U .  S. Government Printing 
OfEice, Washington, D. C., 1968. 

3-4 J. 111. Bennett and E .  J. Ashley, Applied Optics 4, 221, 1965. 

3-5 F. A. Jenkins and H. E .  White, Fundamentals of Optics, McGraw Hill 
Book Co., New York, N.Y., 1950, p. 572. 

3-6 American Institute of Physics Handbook, McGraw Hill Book Co., New York, 
N.Y., 1963, P. 6-122. 

3-7 "Materials SeIector Issue," Materials Engineering, VoI. 70, No. 5, 
Rheinhold Publishing Corp., Stanford, Connecticut, October 1969. 

3-8 "Textile Fiber Comparison Table," adapted from Textile W e d ,  Copyright 
1959, by McGraw-Hill Pub. Co., New York, N.Y. 

3-9 Convair Aerospace Division of General Dynamics Report, "Cryogenic Insulation 
Development, 
1970. 

Contract NAS8-26129, Firet  Quarterly Progress Report, Sept. 

4-1 K .  E .  Leonharrl and E.  H. Hyde, Tlightworthy, High Performance Insulation 
Development, 'I  Cryogenic Technology, Isme Jan. Deb., 1971. 

4-2 "Investigation Regarding Development of a High Performance Insulation 
System, '' Contract NAS8-20758, 50ckheed Report K-17-68-5, 25 July 1968. 

12-1 



4-3 

4-4 

4-5 

4-6 

4-7 

4-8 

4-9 

K.  E .  Leonhard, et d, "Superinsulation Research and Development Progrcam, 
Convair Report GDC-ERR-AN-1201, December 1967. 

K.  E .  Leonlmrd, W. S. Betts, F.O. Bennett, R.  E.  Tatro, "Cryogenic Insulation 
Development, Convair Report GDC-ERR-1535, December 1970, Vol. 1 and 1'01.2. 

"Investigation of High Performance Insulation Application Problems, 
Quarter Report, McDonnell Douglas Report MDC-G0275, Contract NAS8-21400, 
January 1970. 

Fourth 

"High Performance Thermal Protection Systems, 
Lockheed Report, LMSC-A964947, Vol. 1, 31 December 1969. 

Contract NAS8-20758, Final 

"Development of Lightweight Material Composites to Insulate Cryogenic T a n k  
for 30 Days Storage in Outer Space, I t  Firs t  Quarterly Report 1 June to 1 September 
1970, Contract NAS8-26006, Douglas Report MDC G0683. 

Arthur D. Little, Inc., "Basic Investigation of Multilayer Insulation Systems, " 
Report NASA CR-54191, Contract NAS3-4181, October 1964. 

Ar thur  0. Little, Inc. , "Advanced Studies on Multilayer Insulation Systems, 'I 
Report No. NAS CR-54949, Contract NAS3-6283, June 1966. 

4-10 J. T. Neu, "Design,F'~ricatior, acil Performance of a n  Ellipsoidal Spec tro- 
reflectometer, Contract NAS2-3769, hTarch 1968. 

6-1 R. F. O'Neill, E. R. Neuharth, "Convair Thermal Analyzer, Computer Program 
No.  P4560, Contract NAS3-11811, Convair Report GDC-BTD69-005, 29 May 1969 I 

7-1 K. R. Burton and B. J. Anderson, "Evaluation and Application of Data From Low 
Gravity Orbital Experiment, 
NO. GDC-DDB70-004, 31 July 1970. 

Phase 11, Contract NAS8-21291, Convair Report 

7-2 K. R. Burton, Letter to Leon J. Hastings, Convair Memo 584-4483, 27 April 
1970. 

7-3 Jean Sir James, An Introduction to Kinetic Theory of Gases, MacMillan Co., 1940. 

7-4 J. 0. Hirschfeld, e t  al, Molecular Theory of Gases and Liquids, John Wiley and 
sons, 1954 (pp. 1110-1111). 

c 

7-5 F. Kreith , Principles of Heat Transfer, International Textbook, January 1966, 
, (p .  555). 

7-6 W. Id. Kays, Convective Heat and Mass Transfer, McGraw Hil l ,  1966 (p. 374). 

12-2 



8-1 

8 -2 

8-3 

8 -4 

8-5 

9-1 

9-2 

10-1 

10-2 

10-3 

10-4 

Convair Aerospace Division of General Dynamics, "Design and Development of 
Pressure and &pressurization of Purge Systems for Reusable Space Shuttle 
Multilayer Insulation Systems, 
Report, December 1971. 

Contract NAS8-27419, Firs t  Quarterly Progress 

W. S. Betts, Jr. and E .  R. Neuharth, "The Modified Convair ThermaI Analyzer, 
Computer Program No. P5431, Tonvai r  Memo 584-4-539, 21 September 1970. 

Convair Aerospace Division of General Dynamics , "Cryogenic Insulation 
Devefopment, Third Quarterly Progress Report, If 25 April 1971. Contract 
NAS8 -26 12 9. 

Convair Aerospace Division of General Dynamics, "Cryogenic Insulation 
Development, Second Quarterly Progress Report, " 21 December 1970, Contract 
NAS8-26 129. 

Convair Aerospace Division of General Dynamics, "Cryogenic Insulation 
Development, Fourth Quarterly Progress Report, I' Contract NAS8-26129 , 
23 June 1971. 

K. E. Leonbard and R. S. Ringwald, "Development of a Flight Weight Cryogenic 
Storage System, It Convair Report GDC-ERR-1332, December 1968. 

Convair Aerospace Division of General Dynamics, "Cryogenic Insulation 
Development, Fifth QuaTterly Progress Report, 'I 25 September 1971, Contract 
NAS8-26129. 

A.  D. Little Company, "Liquid Propellant Loss During Flight, ' I  Contract 
NASW-615, 65008-00-04, October 1964. 

W. S. Betts, Jr. , and K. E. Leonhard, "Superinsulation Performance 
Comparison," Convair Report 584-4-514, 22 July 1970. 

K. M. Kneisel and F. 0. Bennett, "Prediction of Interstitial Gas Pressure in 
Multilayer Insulation During Rapid Evacuation,'' Journal of Spacecraft and 
Rockets, Vol. 7,  No. 10, October 1970, pp 1259-1261. 

Cryogenic Engineering News , January 1968. 

12-3 



APPENDIX A 

C A R B ~ N  FINITE-DIFFERENCE SCHEME 

Computer code CARb6N is used to integrate general hyperbolic or  parabolic partial 
differential equations. For example, the equation 

n 

at  a1 
(A-1) 

which is hyperbolic if b = 0 and parabolic if a = 0, is typical of the type of equations that 

I 6x 
I - . .  

PURGE BAG j-1 J F1 
RADIATION S H I E L D S ~  

1 1 
Finite Difference Mesh 

can be integrated with this code. Since 
CARB6N is designed to be very general, 
the user is required to  code into a mb- 
routine the righthand side of the equation. 
This must be done in finite-difference 
form, The figure below illustrates the 
finite difference mesh. 

The left-hand side of equation A-1, a first 
order time derivative, is always apprax- 
imated by a forward time difference, i. e. 

at 6 t  
-\ ")- (A-2) 

A few of the possible differencing techniques that can be used to approximate the right- 
hand side of equation A-1 are listed below 

CENTERED SPACE DIFFERENCE (at time n) 

n n 
u - u  au,  j + l  j-1 - _  ~ 

ax 2 6x 

FORWARD SPACE DIFFERENCE (at time n) 

I -x  -x- 
I 
I BACKWARD SPACE DIFFERENCZ (at time n) 

n n  u - u  
an,  j j-1 - -  I 

I 
-x-x - 

ax 6~ 
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When these differences a re  combined to form an inipiicit scheme wit11 centered space 
differences and forward time differenccs a s  iollows, 

the result is a stable scheme; proposed for parabolic equations (a = 0 )  by Crank and 
Nicholson in 1947. For hyperbolic equations (b = 0 )  this scheme i s  stable (for simple 
boundary conditions) but lacks diffusion, i. e. the characteristic of smoothing obtained 
by the second derivative term, A s  a result the solution is oscillatory. 

Oscillations for the case b = 0 can be removed by donor cell, windward or  upstream 
differencing of the convective (first dericative) term: 

DONOR CELL, UPSTREAhl OR WlNDWARD DIFFERENCE (at time n) 

for C > 0 

for C < 0 

I 
-x-x- 

I 

I -x -x -  

This differencing method results in a truncation e r ro r  (inaccuracy in approximating 
the derivative) which is proportional to a second space derivative. The e r ror  provides 
diffusion which is sufficient to damp the oscillations and, with simple boundary con- 
ditions, produce a smooth solution. 

The preceding remarks are  valid for linear equations with constant coefficients and 
extremely simple boundary conditions. Non-linearities in the equatiors and boundary 
conditions can create oscillatory behavjor and even instability. For such cases, 
reducing the time step ( 6  t) usually helps. 
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APFENDM B 

HELIUM PURGE TEST DATA 

Appet;dix B presents the tabulatioi of the helium purge test data. Test procedures and 
results are  discussed in Section 7.2.2.2. The test apparatus used was an 8 ft long, 
20 in. wide and 3/4 in. high plexiglass purge pmel, simulating a purge bag for 22 
layers of Superfloc insulation. Five tests were conducted with the panel in horizontal 
position and one test with the panel in vertical pcrsition. The results are listed in the 
follcwing tables: 

Table B-1 
Table B-2 
Table B-3 
Table B-4 
Table! B-5 
Table B-6 

Horizontal He Purge Test - No Xnsulatim - 10 Vol/Hr 
Horizontal He Purge Test - No Insulation - 100 Vol/ H r  
Horizontal He Purge Test - 22 Layers Superfloc - 10 Vol/Hr 
Horizontal He  Purge Test - 22 Layers Superfloc - -  100 Volhr  
Horizontal He  Purge Test - 22 Layers Superfloc - 100 Vol/Hr 
Vertical He Purge Test - 22 Layers Superfloc - 100 Volhr 
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APPENDIX C 

Standoff (inch) 

DETAILED THERMAL PERFORMAKCE PREDICTION OF 
THE PRELIMINARY DESIGN LAYOUTS 

2 
Av. Area of Insulation (ft ) 

This appendix presents :L detailed discussion of the thermal prformance prediction for 
the preliminary design layouts described in Section 8.2. The preliminary analysis 
was based on 2 square-fcot basis to determine the actual heat flow to the 105-inch tank 
assuming the outer layer of insulation is constrained at 525R and the liqcid cryogen 
temperature is at 37R. 

Table C-1. Average Surface Area of 105-Inch Tank Insulation System 

vstem 

1 
2 
3 
4 
5 
6 

7 
8 

Fairing 
External Manifold 
lnternal Manifold 
Internal Bag 
External Bag 
External Manifold 
(RO support cage) 
Rigid Shell 
Flexible Shell 

1 
0 
1 

1 /4 
0 
0 

1 1'4 
0 

322 
306 
322 
309 
306 
306 

309 
312 

Figure C-1 shows the nodal network that was input into Program P5431 for analyzing the 
heat transfer through Superfloc. Heat is considered to be transferred by conduction as 
well as radiation. The emittance of the m o c k e d  side (E ) Qf the D-G-K reflective 
shield was assumed a constant .025. Using the relations&ip from Reference 4-4: 

n 

wherc D is the tuft & m e t e r  in inches and N is the number of tufts per square inch, 
t it follows that the emittance of the flocked side equals .037. It follows that the radiation 

interchange factor 

3 =  

-1 

(*+ i j  
N -  1 

'C 
0.0145 
N - 1  
-- 

The solid conduction through the Superfloc is as given in Table C-2 (from R2f. 4-4). 
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Table C-2, Solid Thermal Conductivity of Superfloc 

Temperature Thermal Conductivity 
(R) ( B t u h r  ft R) 

0.807 X 10-6 0 I 
0.884 ?< 1-,6 I 0.970 X 10 - 

200 
400 

Seams. The insulation is placed on the tank in 40" 
gore sections with a total seam length of approximately 
160 &/blanket layer. The seams of the two blanket 
layers are offset and are  estimated to  have a seam 
width of 0.067 in. The equation describing the seam 
heat transfer is (see Re€ 3-2): 

- 

'where 

lS = seam length, R 

6 = seamdepth, ft 
6 

f = dimensionless function of the butted joint to 
de@ ratio (f = .0112 for 1/16 inch width) 

It follows that - 5 .. Ai = - .900933 1 
11 8 

Blanket Attachments and Supports. In all cases the 
blank& are assumed attached together by twin pins 

Node 
Actual 
Layer 
No. 

-- 
59 

51 

55 

53 - 
"1 

49 
A? 

A l  
~ 1" 

41 

_ _  
31 

35 

33 

31 
-- 29 

21 

25 

32 
"I 

21 

19 
17 -. 
15 

13 
11 

9 

I 

5 
3 
2 
1 

and grommets as reported in Reference 3-2. Each 
pin and grommet combination has a cross section 
area o f .  00855 inch2 and a length equal to 1 in. 

Figure C-1. Nodal Network for 
2 Inches of Superfloc 

These pins are mzde of PPO 534. Table C-3 is the temperature versus thermal cm- 
ductivity of PPO that was used. There are 324 pin-grommet combinations per layer of 
insulation. 

The blankets of each system are supported by 27 support s made of unidirectional 
fiberglass each having a cross sectional area of 0.0207 in . The length of each pin 
extends tbe entire thickness of the insulation blanket. Table C-4 is the tempemlure 
versus thermal conductivity that was input into program P5431. 

P 

Purge System. The systems, internal fairing, internal and external manifold, and 
external manifold with no support cage, use purge pins. In each case the pin extended 
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Table C-3. Thermal Conductivity of 
Polyphenylene Oxide (PPO) 

Temperature 
(R) 
30 
80 

100 
150 
200 
300 
400 
500 
600 

Thermal Conductivity 
(Btu/hr ft R) 

.928 

.050 

.056 

.069 

.076 

.086 

.097 

. lo8 

.118 

Table C-4. Thermal Conductivity of 
Fiberglass 181 "E" 

Temperature 

100 
200 
300 
400 
500 
600 

Thermal Conductivity 7 1  
.09 
.13 
.20 
.3,5 
.28 
.29 
.29 

the total thickness of the insulation 2 in. The purge pins are made of Polyphenylene 
Oxide (PPO). The internal and external purge bag systems have no such extra pene- 
tration through the insulation. Similarly the flexible,evacuated insulation system has no 
penetrations that result because of the purge system. The evacuated system with the 
rigid shell has six support struts connecting the tank to the rigid vacuum shell. The 
added penetrations of all the systems are summarized in Table C-5. 

Table C-5. Insulation Penetrstions of S?leciL-d Purge System 

@stem 

1 
2 
3 
4 
5 
6 
7 
8 

Penetration - 
Purge Pins 
FUge Pins 
Purge Pins - 
- 
Purge Pins 
support struts 
- 

31 
31 
31 
- 

31 
6 

- 

. 783 

.597 
,597 - 
- 
.597 
6.2 

I - 

Length 
(Ft) 

.17 

.17 
17 

- 
- 
.17 
1.0 
- 

Material 

PP9 
PPO 
PPO 
- 
- 
PPO 
Fiberglass 
- 

Thermal Performance in a Space Environment. The dYference in thermal performance 
betweeti the eight different systems is small when the systems are in  a space environ- 
ment. This is indicated in Table C-6. This table was developed by first  analyzing 
1 ft2 of imulation ori the computer and then multiplying by the average surface area as 
given in Table C-1. Each system however was assumed to have the same number of 
pins. Three runs were made. Run 1 considered the insulation alone, Run 2 considered 
the insulation with seams while Run 3 considered the insulation \Crith seams and pins. 
In each case the temperature constraints were 525R and 37% The results of these 
three runs indicated that for the first 7 systems 
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Table C-6. Heat Flow Comparison for Selected Insulation Systems in 
a Space Environment 

" 
No. 

1 
2 
3 
4 
5 
6 
7 
8 

Type ' Insulation 

Fairing 10.5 
External Manifold 10.0 
Internal Manifold 10.5 
Internal Bag 10 
External Bag 10 
External Manifold 10 
Rigid Shell 10.1 
Flexible Shell 15 

.1 

Seams . 

9 .7  
9 . 2  
9.7 
9 . 2  
9 .2  
9 .2  
9 . 3  
6 . 8  

Pins- 

7.2  
7 .2  
7 . 2  
7 .2  
7 . 2  
7 . 2  
7.2 
4 . 8  

.0327 Btu/hr ftp is through D-G-K Superfloc = 38% 

.0300 Btu/hr ft is through 1/16-inch wide seams = 35% 

.0234 Btu/hr ft is through the blanket attachment and support pins = 27% 

2 

4 

Penetra. 

.59 

.45 

.45 
- 
- 
.45 
.10 
- 

For the eighth system it was assumed that M U  had an effective thermal conductivity 
2.2  times that calculated for Superfloc (Ref. 4-6). Lowever, since for this system 
3 in. of insulation instead of 2 in. were used, this implied that the heat flux through 
the open-cell foam M U  would only be 1.47 times higher thpm that of the Superfloc insu- 
lation. Also,  because this system was thicker the heat flow through the seams and 
pins was less than that for the other seven systems. 

Total 

28.0  
26 .9  
27 .9  
2 6 . 4  
26 .4  
26 .9  
26 .7  
26 .6  

The purge pins were analyzed on the computer for the fairing system based on the full 
scale analysis given in the next paragraph. The heat flow through the remaining purge 
pins was determined by simply adjusting the resistance due to the difference in cross 
section area (see Table C-5). This simplified analysis was justified due to the relatively 
small contribution of these pins. A more detail analysis was then made ta  determine 
the actual heat flow to  the 105 in. tank under space environment conditions. 

The detaileci analysis was made assuming the fairfng system will be utilized. The 
outer layer of insulation was constrained to 525R, while the tank was constrained to  
37R except in the ullage section. The liquid level in the tank assumed an ullage volume 
of approximately 3%. The ullage section is connected to a support stand by two tubes 
which are the fi l l /drain line and the vent line., It was assumed that this support 
stand was constrained at 520R at the location vhere the vent line and fill/drain line 
made contact with the support structure. The outer tubing was covered with 2 in. of 
D-G-K Superfloc. Gas was considered to be vented md therefore convection between 
the gas and the two lines was considered. The results are given in Table C-7. 
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Table C-7. Heat Flow to the 105 Inch Tank 

Total 

42.2 

17.6 

25.29 

R m  

1 Insulation Neglecting 
Convection 

(Node 70) K (R) 

- 

37.175 

37.178 

2 Insulation and 
Convection 

32.7 

3 Insulation and Seams 
and Convection 

37.21 4 Insulation and Seams 
and A l l  pins and 
Convection 

~ -~ ~ ~ ~ 

Gas Temr. at 
Tank Exit Heat Flow to Tank, waI2 (Btu/hr) 7 

Ullage Section 

32.65 

8.06 

8.35 

11.90 

Remainder 

9.52 

9.52 

16.94 

20.78 

A breakdown was again msde to determine the importance of the various sources of 
heat leakage to the tank. Neglecting the heat flow down the f i l l  line and vent line by 
conduction the heat flow through the insulation system was: 

Heat Flow 
Heat Flow Path (Btu/lu.) Percent of Total 

Superfloc Insulation 11.1 42.3 
1/16 Inch Wide Seams 7.7 29.4 
Twin Pin and Support Pins 6.8 26.0 
Purge Pins 0.59 -- 

26.2 
2.3 

100.0 

c-5  



APPENDIX D 

THERMAL MODEL COMPUTER INPUT - FINAL DESIGN 

This sectio i gives the input ta the Convair thermal analyzer used to  generate the re- 
sults outlin ?d in Section 10.2. The input tables of the material conductivities a re  
given on Page D-1. These tables are valid for both Region 1 (below liquid level) and 
Region 2 (above liquid level). The nodes used in Region 1 a r e  given on Page D-2 while 
the resistances a r e  given in Pages D-2 through D-5. On Page D-6 are Ihe node6 used 
in Regicn 2. The remaining part of the appendix gives the resistances used in Region 2. 

Table 1. P R D  181 Across the Fibers Table 2 .  PPO (Figure 3-17) 
(Unpublished DuPont Data) 

Temp ( R j  

? ?  . 
l o r .  
3 n C .  
2 3 0 .  
4rJGm 
‘rJC. 
F P C .  

K 
.!I39 
a 0 5 5  
a 0 8 4  . 1 0 s  
milt! . 1 2 2  
a 1 2 2  

Table 3. Superfloc (Figure 4-11)* 

Temp (R) K 

0 .  a 8 0 7 F-6 
701. 8 8 b € - 6  
403 .97EF-h 
6 O g .  1 - 0 5  F-6  

Table 5. Aluminum (Ref. 10-4) 

Temp (R) K 
7 5  a 30. 
60 41. 
ll?. 50.  
160  59. 
260 7 5 .  
360 a 85.  
460 0 93. 
560 . 100 .  

Temp (R) 
? a  b 
R O  . 

I P C i  . 
150 
200 
300 . 
4 0 0  e 

so9 
690 

Table 4. Unidirectional Fiberglass 
(Unpublishzd Convair Data) 

Temp (R) K 
3cl . 1 2  

0 1 7  134. 
-26 ? O F .  
. 3 3  
.;?7 b80. 
e 3 8  E n r .  

T O O  a 

. 3 a  6@1 . 
Table 6. CRES (Reference 10-4) 

Temp (R) K 
35. 
50 . 

110  . 
160 . 
21@ a 

310 a 

1.10 
5358 

* The data shown were derived from Figure 4-11. The values shown however 
represent only the conductive portion of the effective conductivity. 
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Nodes Used for Region of Tank 
Containing Liquid (See Figure 10-1) 

Node 

1 
2 
3 
4 
5 
6 
7 
8 
9 

IG 

Type Temp 

2 3 7 .  
1 100. 
I 100. 
1 100 . 
1 100. 
1 130 . 
1 1 0 0 .  
1 100. 
1 100. 
1 100. 

Node 

11 
12 
13 
14 
15 
16 
17 
18 
19 
2c 

Type 

1 
1 
1 
2 
1 
1 
1 
1 
1 
2 

Temp 

100 . 
la@. 
100. 
530 
5 0 0  o 

4 0 0 .  
3 0 0 .  
200. 
100. 
530 

Node 

21 
2 2  
23 
21 
25 
26 
27 
28 
29 
30 

Type 

I 
1 
1 
1 
1 
2 
1 
I 
1 
1 

Temp 

500 
400 o 
300 . 
ill0 . 
530 
500 
400 
3 0 0  . 
2 0 0  . 

2 0 0 .  

Node 1 is the tanlc. 
Node 14, 20, 26 a re  the outer layer of insulation. 

Resistances for Region 1 

A. Lateral conduction along fairing B. Radiation between tank and fairing. 
made of PRD. 

Node Node k/Ac ft-l Input Table Tank Node Fairing Node - FA 

2 
3 
G 
5 
6 
7 
9 
9 
11 
11 

3 
4 
5 
6 
7 
8 
9 

10 
I1 
1 2  

192.6 
€7.12 
31 033 
27 023 
19.24 
19 024 
19.24 
19.24 
?7.23 
31.74 

-1 
-1 
-1 
-1 
-1 
-1  
-1 
-1 
-1 
-1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
i 

7 c 

3 
4 
5 

- 6  
7 
8 
9 

1 0  
I1 
12 

-0091  
-0601 
-0913 
-090 
-0906 
-0741 
-0741 
- 0 7 4 1  
-0996 
-090 
-0116 

-1 1 1 
where & is the distance between nodes and 
A, is the mean cross sectional area of the 
fairitig between the two nodes. See Table 
D-1 for values of A and A, for each node. 

where F =(% + - - 1) 

and A is the surface area of each fairing 
node (Table D-1) 

E 

2 .c!3 

ET 

(emittance of aluminum tank at 3 7 O i 3 )  T 

E (emittance of the PRD fairing) = .85 F 
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Table D-1 
Fairing System for Region 1 

R A, 
Surface Distacce to Mean Cross 

No de Area, in2 Adjacent Node, in Section Area, in2 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

441 
2909 
4410 
4350 
4380 
3580 
3580 
3590 
4380 
4 350 
2010 

22.15 
22.15 
14.75 
14.75 
10.71 
10.71 
10.71 
10.71 
14.75 
14.75 

C. GKG Superfloc radiative resistance. 

Node -D Node -FA ft2 

2 h  
27 
29  
29 
39 
13 
13 
1 7  

20 
21 
32 
2 3  
24  
2 s  
25 
25 
2 5  
2*  

14 
15 
16 
17 
18 
19 
19 
I S  
19 
19 

27 
'29 
29 
3 0  
13 

2 
3 
4 

21 
22 
23 
24 
2 5  

8 
7 
6 
5 
4 

15 
16 
17 
18 
19 
10 
I1 
12 

r 

8 

-.043 
-.'143 - .Ob45 
- * O f . 4 5  
-a0714 
- a 0 4 4 4  
- a 2 9 2 9  

a 2 2 2  

- e 1 1 ) 9  
- e 1 0 9  
-e164 
-.I64 
- e 1 8 2  
- e 1 8 0 2  
-a3605 
-m4410 
-mG350 
- .2220 

- . l o a  
- a 1 0 8  
- m  162 
- . I 6 2  
- a 1 7 9  
- e 2 0 2 4  
- e 4 3 8 0  
-e4410 
0.3605 
- e 1 0 0 2  
D-3 

1.38 
2.96 
5. ti5 
6.5 
6.68 
6.68 
6.68 
ti. 68 
6.5 
5.58 

Lower Region 
of Tank 
AAV = 44.4 f t 2  

Lower 
Middle Region 
of Tank 
A = 113 ft2 

Upper 
Middle Region 
of Tank 
A = 112 ft2 

FA 
ft2 

.091 

.g01 

.913 

.90 

.906 
,741 
,741 
.741 
.906 
.90 
.416 



-1 

and A is the surface area of each node. The insulation was divided as indicated in 
Figure 10-3. 

€1 (emittance of unflocked side of Superfloc) 

c2 (emittance of flocked side of Supcrfloc) 

For surface area of nodes 2 through 12 see Table D-1. 

= .025 

= ,037 

D. Superfloc solid conductive resistance. 

Node Node I/'A [ft-l] Input Table 

2 0  
21 
2 2  
2 3  
2 4  
2 5  
2 4  
25 
2 c  
2 5  

I 4 
1 5  
i h  
1 7  
10 
19 
19  
19 
19 
19 

21 . 3 6 8  €-3 
72  e 3 6 9  F-3 
23 - 2 4 5  f-t 
2b .245 E-? 
25  e 2 2 0  E-3 

8 2 . 2 3  E-4 
7 1-12 F-4 
6 0 9 1  E-4 
5 - 9 2  F-4 
4 1-82 F-4 

- 7  
- ?  Lower Region 
- 3  
- 3  
- 7  

of Tank 
AAV = 44 ' -+2 

-3 
- 3  
- 3  

-3 - ? Lower Middle 
-3 Region of Tank 
-1 
-? AAV = 113 ft2 
- 3  
-? 

-3  
-? 

- 7  

- I  Upper Middle - ? Regionof Tank 

where I is the distance between nodes (see Figure 10-3) and A is the surface area 
of each node. 

D-4 



E. Seams. 

Node Node Resis 

v 26 29 - e 0 1 1 4  
29 13 - e o 1 0 0  
21 22 - 0 0 1 2 5  
22 25 - e 0 1 2 4  
l k  16 - e 0 1 2 5  
16 19 - e 0 1 2 4  

where Resis = - Is 6 ,  f [ftz] where Is is the seam length (Table 10-1); 6, is 
the seam depth which equals the thickness of an MLI blanket and f is the dimensionless 
function given in Figure 10-4 (f = ,004 for 1/32 inch wide seams). 

F. Purge pins and seam pins. 

Node Node Resis Input Table 

14 13 66. - 2  Grommet 
14 1 2  72.5 -4 Grommet 
1 2  
2n 5 239 - 7  Purge Pin 
25  4 239.  - 2  Purge Pin 
25 2 2 1 5 0 .  - 7  Purge Pin 

where Resis = I / A N  [ ft-'] where I is the pin length, A is  the cross section area 
of the pin (see Table 10-2) and N is the number of pins (see Table 10-1). 

1 27.5 -4 Support Pins 

G. Tank standoffs 

Tank Node Fairing Node /AN ft-1 Input Table 
1 8 2 3 . 3  -1 
i 12 2 5 .  -1 

at fairing node 12 there a r e  18 standoffs which are 1" wide and .02 inch thick and 1" 
long. At  fairing 8 there are 24 standoffs which are 1" wide, .02 inch thick and 1" long. 

H. Twin pins made of PPO 
Node 

zs. 
2 2  
lh 

2 
3 
4 
F. 
c 
i 
f 
C7 

I' 

12 
4 4  - A  

Resis 
? , 7 *  

7 r l C ;  
f .L9 

2 c . 4 2  
4 2 . c 3  
21. J 1 C  

4?.5? 
42.67 
i i Z * C ?  
L 2 ,  J ?  

?1*31C* 
2 1 r ' l ~  
42.03 

21.715 

Input Table 
- 3  
- 2  
- 2  
- 2  
- 2  
- 2  
- ?  

- 2  
-9 

- 9 
c - 

- 2  
- 2  
- 7  

D-5 

Outboard 

Inboard 



where Resis = I/AN 
sectional area of the 
(Table 1.0-1). For twin pins P //A = 770 

where P is the leagth of the pin (1") and A is the cross 
able 10-2) arid N is the number of pins in a given regiou 

Nodes Used in Ullage Section of Tank (See Figure 10-2) 

Node Type Temperature (R) Node Type Temperature (R) 

1 
3 
3 
(r 
c, 

6 
7 
9 
9 

10 
11 
12 
1 5  
It 
it 
16 
17 
1 P  
19 
2 0  
2 1  
2 2  
2 3  
2 4  
z!G 

2 F  
2 7  
2 8  
2 4  
3 0  
t i  
3 7  
3 2  
34 
7 5  
7 f  
37 

7 

1 
1 
1 
1 
I 
1 
1 
i 
1 2 

1 
I. 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
t 

l C 3 e  
1 3 ? *  

G 
4 
1 
1 
2 
1 
1 
1 
1 
1 
2 
1 
1 
I 
1 
1 
3 
1 
1 
I 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

=!I. 
51. 

2 7 3 .  
2 ' 2 .  
53'1 . 
5 1 3 ,  
43'1,  
3 3 7 e  
2 7 a .  
1 0 3 .  

510 e 

c;??  e 

4c0. 
G : 9 e  
310 e 

3C0 e 

q J 3  
5?1 e 

4 5 0  
4810 
3 n 9  
T O O  e 

1r.0. 
4 C e  
4 c .  
4C. 
6 C e  
b C e 

h r e  

7C. 
7P. 
7 0 .  
7 c .  
7 0 .  
7 C e  
? @ e  

Type 1 - A conventional conduction node. 
Type 2 - A constrained temperature node. 
Type 4 - A pipe-flow node. 



Resistance Values for Ullage Section of Tank 

.4. Lateral conduction along tank wall B. Lateral conduction along fairing. 

Node Node L/Ac ft-l Input Tabie Node Node Resis Input Table 

and neck. 

1 
2 
3 
4 
5 
6 
7 
8 

. 9  

10 
11 
13 
1.3 
16 

3 - 5  
- 5  
- 5  
-5  
- 5  
-5 
- 5  
-6 
-6 
- 5  
-6  
-6 
-6 
-6  

41 
4!J 
15 
17 
LS 
19 
2 g  
21 
22 
2 3  

-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 

where I is the distance between nodes and 
A, is the mean cross sectional area of the 
tank wall or neck between the two nodes 
(Table D-2). 

where Resis = 1 [ft'l] 

A, is as given in Table D-3. 
*C 

Table D-2 
System for Run 2 

Tank Surface P Distance to Mean Cross Sec- E'A 
Node Area in2 Adjacent Node, ft tional Area, ft2 A, ft2 

1 

3 
4 
5 
6 
7 
e 
9 

10 
11 
12 
13 
14 

r) L. 1390 
1390 
1390 
1291 
438 
173.42 
607 
59.8 
59.8 
59.8 

49.8 
29.9 

59. a 

3.4 
6.8 
7.2 
10.5 
8.25 
6.4 
3.0 
3.5/12 
2/12 
2/12 

2/12 
1/12 
1/12 

3/12 

59. 
55.7 
47.5 
36.0 
75.3 
10.9 
4.9 
2.42 
2.42 
2.42 
2.42 
2.42 
2.42 
2.42 

.2876 

.2876 

.2876 

.2672 

.0906 

.i)359 

.01256 

.01238 

.01288 
-0415 
.01238 
.0692 
.0415 
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Table D-3 
Tan!! Ullage Sectiw 

Cross Fairing 
Fairing Surface Area Section Area Distance Tank .0145 x AS .0333 x 12  

Node AS, in2 A, in2 4 * in I/Acl* ft'l f t2  AS ft-' 

24 
23 
22 
21 
20 
19 
18 
17 
16 
40 
41 

117.8 
157. 
78.5 
108.0 
153 
315.5 
854. 
1275 
1550 
1550 
1550 

.785 

.785 

.785 
-785 
.7b5 
.785 

1.42 
2.42 
2.93 
4.05 
4.65 

C. Radiation through Superfloc 

Node Node Resis 

42 
4 3  
44 
i+c; 

46 
47 
47 
4 7  
47 
47 

48 
49 
5 0  
5 1  
42 
5.3 
5 3  
5 3  

3 
2 
2 
3.5 
4.3 
9 
9 
8.5 
7.0 
5.2 

45.86 
30.57 
30.57 
53.50 
65.73 
76.06 
44.63 
34.81 
20.74 
13.42 

.01186 
-0158 
.0079 
.01087 
.0153 
.03177 
.08599 
.1284 
.1561 
-1561 
.1561 

Tank Neck 
Region 
Surface Area = 4.27 ft2 

Tank Wall 
Upper Ullage 
Surface Area = 14.9 ft2 

54 55 - e 3 2 8 9  
55 'ih w e 0 2 8 8  
56  57 - a 6 4 3 2  
57 59 0 . 0 4 3 2  Tank Wall 
5s 59 - * O b 8 0  Lower .Ullage 
59 16 0.1561 Surface Area = 29.8 ft2 
59 4' - e l 5 6 1  
59 b l  -e1561 

.00339 

.00254 
,00509 
.00370 
.00261 
.00127 
.000468 
.000313 
,000258 
.000258 
.OW258 
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See Figure 10-3 for nodal breakup of insulation. 
For area of nodes 16 through 24, 40 and 41 see Table D-3. 

D. Solid conduction of Superfloc. 

Node Node Resfs  Input Table 

47 
b f  
44 
45 
45  
47 
47 
c 7  
47 
47 

49 
43 
53 
5 1  
57 
53 
5 3  
5:  

5 4  
54 
56  
5 7  
58 
59 
59 
59 

- 3  
- ?  
-7 
- 3  
- 2  
-1 
-1 
-3 

-3 

-?  
-1  
-? 
-3 
-3 

- 7  

c 

- 7  

-3 
-3  

5 '  
16 
4 
41 

Tank Neck Region 
A = 4.27 ft2 

Tank Wall 
Upper Ullage 
A = 14.9 ft2 

l a n k  Wall 
Lower Cllage 
A = 29.8 ft2 

Res&= L/A 
See Figure 10-3 for nodal hreahxp of insulation. 



F. Pins. 

Node Node 

42 2 '+ 
L7 45 
4 4  2 
49 ? 
50 1q 
CY 1' 
5 3  i? 
54 41 
54 55 
55  15 
56 4 
56 4' 

Resis 

358 
'154. 
38 40  

1 6 . 2  
c 4 * 3  
€ b o ?  
E 4  a ?  

2 4 c .  
21 04 

12% 0 

128 
128 

Input Table 

-2 
-2 
-?  

-2 
- 2  
- 2  
-2 
-2 
-2 
-2 
- 2  
-2 

I where Resis = -- 

For values of I ,  A, and N .;ee Table 3. 
For twiu pins I / A  = 770 ft-1 
For support pin with groninet (node 42 to 24 I /A  = 1070 ft-I 
For purge pin (ilode 51 tcl 41) g/A = 2150. 

AN 

G. Standoff. 

Node Node Resis Input Table 

5 17 56.6 -1 

Resis = I/AN ft-1 
I = 1.70 inch 
A = .03 inch2 
N = 12 

H. Radiation between tank and fairing. 

Tank Node Fairing Node Resis  
2 
3 
4 
5 
6 

8 
9 

1 0  
11 
1 2  
13 
13 
1 4  
14 

7 

41 
4': 
16, 
17 
19 
19 
21; 
21 
22 
73 
24 
1'; 
24 
16 
2c 



Resis = FA c X  = emittance. of heat cschange (Node 
A is surface area of tank nodes ('Table D-2) 11) = .1 

-1 

F =(= 1 
+ --1) 1 

E2 
CCRES = .1 (nodes 9, 10, 12) 

 EA^ = .03 (nodes 2 through r i )  E C R E ~  = .2 (nodes 13 and 11) 

cF z- .85 (nodes 41, 40, 16 through 24) €15 - =  1. 

I. Solid conduction Ijetween support structure 15 and end cap 24. 

Node Node Iiesis Input Table 

15 24 20b. 6 -6 

Resis -- l /AN [ft- l l l  = 4" 

A - TT (5/1Q2!4 in2 

N - 3  

J. Solid conduction betwen end cap and tank neck (12). 

Node Node Resis Input Table 

12 
60 
24 

GO 6.2 -1 
24 4.68 -1 
25 6.85 -1 

Resis = l /Ac .  See figure below for details. 

Node Do Di Din Acin 

60 10.8 6.3 7.8 2.90 
24 15.3 10.8 10.8 3.85 
25 22.3 15.3 15.3 5.25 

Node 

in2 

= li x D x thickness = Ac)plate 
n x D x . 1  
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K, Radiation between environment and end cap. 

Node Node -FA [f?] 

$0 
2 4 
2'; 

F = E Assume e(-ual to 1.0. 

A = area associated with each node, see figure in Part J of this appendix. 

L. Coilduction along fill and drain line. 

Node Node !/-A Input Table 

1 
61 
6 2  
6 3  
64 
h5 
6 6  
5 7  
58 
69 
7 P  

'2 
73 

71 

61 16.9 
6 2  37.9 
6 3  33.8 
6 4  33.9 
K 5  3 3 . q  
66 21.2 
67 19.5 
6 3  18.5 
69 10.6 
79  13 .5  
71 23.8 

7 3  5 .3  
15 = . 3  

7 2  13.5 

-1 
-1 
-1 
-1 
-1 
-6 
-6 
-6 
-6 
-6  
-6 
-6 
-6 
-6 

The bottom part of the F / D  line is made of PRD and has a cross sectional area of 
.00988 ft2. For the stainless steel top part A, = .01574 ftz. 

M. Heat capacity of venting hydrogen gas. 

Node Node 1 4 m W  

Zh 

2 8  
29 
30 
31 
32 
33 
34 
35  
36 
37 
3 8  

2 7  
2 7  2 .55  
28 2 - 5 5  
29 2.55 
73 2 . 5 5  
31 2 . 5 4  
32 2.55 
3 3  2 . 5 5  
a b  2.55 
35 2 . 5 5  
26 2 - 4 5  
37 2 .55  
3 8  2 . 5 5  
3 9  2 - 5 5  

For GH2 Cp = 2.5 Btu/lb,R 

H f g =  191 Btu/lb, 

Assume Q = 3 0 B t u h r  

m = Q / H k =  .157 lb,/hr 

l/mCp= 2.55 R hr/Btu 
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N. Radiation between F/D line and tank. 

Node Node -FA [ft2] 
14 7- -0022 
13 7” - 0 0 2 2  

-1 1 1 
F = (-<- T + T 1 -1) 

12 7’ - .a23 Assume cT = .25 
11 7 -09‘3 I boL of stainless steel 
1 3  F >  - . 0 ? 3  EL = .25 
9 6 . )  - a 2 7 3  
9 F I  - e o ? :  

t E C  -0C4G A is the area of the F/D line (Table D-4) 

Table D-4 
Surface A r e a  of Fill Line Nodes 

Node Surface Area in2 

61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 

47.12 
47.12 
47.12 
47.12 
44.0 
44.0 
33 
33 
33 
33 
33 
22 
22 

0. Radiation between inside of tank and liquid. 

Tank Node Liquid Node - FA 

2 I - .zea  
3 1 - . 2ea  
G 1 -.2t?8 
5 1 - 0 2 t 8  
6 1 -00p1 

Assume E = .03 T -1) -I 1 1 F =(F + - 
T liquid E 

= 1.0 
E liquid 

A is area of tank node (Table D-2). 
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P. Convective heat transfer between venting GH2 and the ;/D line or the tank wall. 

Node Node 1/A 

6 1  
62 
E3 
6 4  
65 
66 
67 
E8 
69 
79 

7 7  
7 3  

7 1  

3 
3 

4 
5 
c, 
7 
s 
3 
10 
11 
12 
1 3  
Y. 4 

t = characteristic length [in] 

g = acceleration [ft/sec21 

1 
1 
i 
1 
1 
1 
1 
I 
1 
1 
1 
1 
!. 
1 
1 
I 
1 
1 
1 
1 
1 
I 
1 
1 
1 
I 

4 4. 3 2 . 2 1 a E J 9  a 5 5 5  *13 
4 6. 3 2 a 2 1 a E 3 9  a 5 5 5  e l ?  

4 12. 3 ? a 2 1 s F 1 ) 9  a 5 5 5  a 1 3  
4 i b a  3 ? a 2 1 a E 9 9  a 5 5 5  a13 
4 20. 3 3 a 2 1 e f 1 9  0 5 5 5  a13 
4 2 4 a  3 7 a 2 1 a E 3 9  0 5 5 5  013 
4 2 7 .  3 2 . 2 1 * E 3 9  a 5 5 5  a 1 3  
4 3 ~ .  32.21aE3S 0 5 5 5  e 1 3  
4 3 3 .  3 2 . 2 1 e F 1 9  0 5 5 5  a 1 1  
4 36. 3 2 . 2 1 . E J 9  a 5 5 5  a 1 3  
b 7 9 a  3 9 0 2 1 e E 7 9  , 4 5 5  a i ?  

4 41.  3 2 , 2 1 a E ? 9  e 5 5 5  a17 
4 4 3 .  3 3 . ? l o ' I Q  a C 5 5  m13 
4 4. 3 2 a 2 l a E 3 9  a c 5 c  a 1 3  
4 8 .  32e21eFJ9 a 5 5 5  013 
4 12. 32.21aEn9 0 5 5 5  013 
4 16. 37a21 .E09  a 5 5 5  a13  
4 2 0 .  32 .21SC39  e 5 5 5  a13 
4 2 4 .  3 2 a 2 l e E 0 9  a 5 5 5  013 
4 27 .  32.21.F9q aq55  a 1 3  
4 3 0 .  3 2 a 2 1 o E 3 9  a 5 5 5  a 1 3  
C 33. 32a21aFT09 0 5 5 5  a13 
4 36.  32e21eE93  0 5 5 5  a 1 3  
4 39. 32a21oE09  0 5 5 5  a 1 3  
4 41.  3 2 * Z l a F ' J ¶  a 5 5 5  013 
b 4 3 .  32.21oE09 0 5 5 5  a 1 3  
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